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ABSTRACT 
'The Transformation of Acacia confusa Woodlands 
into Native Forests in Hong Kong' 
Submitted by WONQ Man Man 
for the Degree of Master of Philosophy 
at the Chinese University of Hong Kong in May, 2007 
This research investigated the transformation of exotic Acacia confusa 
woodlands into native forests in Hong Kong, involving clearfelling, retention of 
recruited species and restocking of native tree seedlings. The study was conducted on 
a 34-year-old Acacia confusa woodland plantation in Tai Lam Country Park, where 
the effects of these silvicultural practices on the microclimatic environment, soil 
properties, nitrogen mineralization, and growth of the recruited and restocked species 
were monitored for a period of two years. The results were compared between an 
uncut control site and two clearcut sites with different felling history. An additional 
experiment was also conducted to simulate the combined effects of light intensity 
and water of a clearcut site on the growth of selected native species. 
There were greater fluctuations in microclimate after clearfelling. For 
instance, solar radiation in winter increased from 0.7 W/m^ in the uncut site to 2.6 
W/m^ in the felled site. Average daily temperature at ground level and at 0-10 cm 
depth was also higher in the felled site than the uncut site. A reverse trend was found 
for relative humidity and wind speed. 
While there was no change in soil texture and available phosphorus after 
clearfelling, soil pH at 0-5 cm layer increased in the felled environment. Soil organic 
matter (SOM), total Kjeldhal nitrogen (TKN) and cation nutrients (exchangeable K, 
Na, Ca and Mg) increased in the felled site as a result of increased organic litter input 
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and decomposition rate. Overall, nutrient status of the clearfelled sites returned to 
their pre-cut levels two years after canopy removal. 
Net nitrogen mineralization was slightly higher, though not significant, in 
the felled site than the uncut site. Nitrification predominated over ammonification in 
both the felled and uncut environments. Nitrogen leaching was marginally higher in 
the clearcut environment, while the reverse was true for nitrogen uptake. Clearfelling 
had no detrimental effects on nitrogen fluxes of the soil, and nitrogen deficit in both 
the felled and uncut environments were replenished by inputs from nitrogen fixation, 
atmosphere and soil reserve. 
The recruited trees performed better in height, diameter at breast height 
(DBH) and canopy area increments after clearfelling, due to less competition in 
growth space, water and soil nutrients. A similar pattern was found for the restocked 
seedlings although browsing by feral cattle resulted in over 70% mortality rate at the 
end of the study. Native tree seedlings required reasonable shade and adequate water 
to support growth. 
This study confirms that clearfelling is a viable tool for the transformation 
of exotic Acacia confusa woodland into native forest. To facilitate this process, 
clearfelling needs to be supplemented by the retention of recruited species and 
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1.1 Study background 
With a tiny area of about 1092 km^, more than 60% of the land in Hong 
Kong belongs to the countryside due to the enactment of the Country Parks 
Ordinance in 1976 (AFCD, 2005). Unlike many countries, the primary aim of 
forestry development in Hong Kong has been conservational and recreational rather 
than commercial (Corlett, 1999). In other words, instead of providing timber for the 
local economy, trees are planted to prevent soil erosion, conserve water resource, 
protect the natural environment and provide a pleasant living environment for the 
residents, usually at low establishment and maintenance cost. Thus, preservation of 
ecology for the sake of people's well-being is emphasized. 
The history of forestry can be traced back to the early century, when 
afforestation of bare landscape was the main concern (Corlett, 1999). Yet, the efforts 
of afforestation proved futile during the wars when large expanses of forest were 
cleared for energy supplies (Cheung, 1999). Due to repeated cutting of the forests, 
the microclimate and soil conditions in these deforested areas were drastically altered. 
The environment suffered from a more extreme microclimate, and the soil became 
infertile. 
Under these poor conditions, a wide range of the restored species, 
including both natives and exotics, failed to survive and establish themselves on the 
barren slopes (Corlett, 1999). Eventually, several promising exotic species, Acacia 
confusa, Lophostemon confertus, Pinus elliottii and the eucalypts, were selected to be 
grown extensively in the territory to rehabilitate the disturbed landscapes by giving a 
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quick green cover, and to provide temporary shelter and food for the local fauna 
(Dudgeon & Corlett, 1994). 
Up to the mid-1990's, about 5% of the territory could be categorized as 
artificial plantation woodlands which were established within the previous 45 years 
(Dudgeon & Corlett，1994). However, one common feature among these plantations 
is lower species diversity and simpler structure when compared with natural forests. 
More importantly, many exotic species fail to repair the function of a damaged 
ecosystem to its pre-disturbed level. Although exotic species have revegetated barren 
hills and their value in restoration has proven to be positive as the nurse crops for the 
recruitment and establishment of native species, it is equally important to investigate 
approaches to convert them whenever possible to create a more favorable 
environment for species enrichment and native forest re-establishment (Holl, 2002; 
Lugo, 1997; Parrotta, Tumbull & Jones，1997). 
At the Earth Summit held in 1992, the need to conserve biological diversity 
and to control introduced species was highlighted (The Earth Council, 2005). Native 
species, which are thought to have higher potential to preserve the local ecology, are 
therefore recommended for the long-term sustainability of an ecosystem (Brown & 
Amacher，1997). Realizing the values of using natives, it is found that exotic species, 
on the other hand, may adversely affect the ecosystem and cause many undesirable 
effects on the forest ecology (Antonio & Meyerson, 2002). As a consequence, native 
species should be considered a top priority in restoration wherever the soil and 
environment are suitable for them to grow. 
In Hong Kong, although the use of native species in plantations has been 
increasing since the 1990s, exotics are more commonly seen in the countryside. 
Although exotic species, such as Acacia confusa and Lophostemon confertus, have 
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been found to ameliorate soil fertility and microclimatic conditions, their ability to 
recruit native species is limited (Au, 2001; Kong, 2004). It is also found that Acacia 
confusa, a widely planted species imported from Taiwan, the Philippines and the 
places near South Pacific Ocean, is inferior to Lophostemon confertus in recruiting 
native species into the understorey. Indeed, many imported species are now reaching 
their senile stage of growth despite the simple understorey layer and a lack of native 
species underneath the plantations. 
In view of the above, two acute ecological problems need to be solved 
urgently. The first one is what to do with these old and dying Acacias, which cover a 
large area in the countryside. The second question is: how can the amount of native 
species in these plantations be increased to catalyze native forest re-establishment? 
There is no easy answer to these questions and worse still, there are no local studies 
on these aspects which can serve as reference. Although lessons can be leamt from 
what has been done overseas, the findings or experiences may not be totally 
transferable to Hong Kong. Therefore, local research about the transformation of 
Acacia to native woodland is undoubtedly worth pursuing. 
1.2 Conceptual framework of the study 
While exotic plantations play an essential role in land rehabilitation by 
compensating the loss of native forests in deforested areas, there has been 
increasingly an interest in recent years in the use of native species to replace exotics 
in plantations, with the aim of reconstructing the spoiled indigenous ecosystem and 
preserving natural resources (Evans & Tumbull，2004; Roll, 2002). Countries such as 
England, Sri Lanka and Indonesia have launched a number of studies investigating 
methods to convert non-native species to natives in plantations (Ashton，Gamage, 
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Gunatilleke & Gunatilleke, 1997; Otsamo，1998; Thompson, Humphrey, Harmer & 
Ferris, 2003). However, in Hong Kong, quite disappointingly, although many exotics 
have been planted in the territory since the last century (Dudgeon & Corlett，1994)， 
effort on transforming exotics into natives has just begun recently with very little 
local information on the related field. This study is, therefore, inspired by the lack of 
relevant local knowledge which is urgently needed to transform exotic plantations 
into native woodlands in Hong Kong. 
In Hong Kong, previous research on forest rehabilitation has focused on 
the ameliorative effect of exotic plantations in increasing soil nutrients, moderating 
micro-climate, and the nursery effect of exotics in recruiting native species into the 
plantations (Chau & Au, 2002; Kong, 2004; Zhuang & Yau, 1998; 1999). Although 
the ultimate restoration goal in the territory is to re-establish native forests through 
the temporary use of plantations, little attention has been put on examining how, 
where and when should transformation of exotic plantations into native forests take 
place. As there has been only limited re-colonization of natives into the exotic 
Acacia confusa plantations (Chong, 1996) and the problem of aging is particularly 
serious with exotics like Acacia (Au, 2001), it appears to be the right time to raise the 
question: ‘by what means should the local forestry department transform these exotic 
plantations by getting rid of the less desirable species and accelerate native forest 
recovery?' This is not only unknown in the local literature, but also rarely touched 
within the research field as a whole. 
According to overseas experiences, several methods are available for the 
transformation of exotic plantations into native woodlands. These include phased 
removal of non-native trees and felling of non-natives in one single operation 
(Ashton et aL, 1997; Heitzman, 2003; Otsamo, 1998; Thompson et aL, 2003). In 
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some cases, depending on the availability of nearby seed source and the density of 
native species in the plantations, rehabilitation can be catalyzed if operations are 
accomplished through restocking or direct sowing of native species into the 
plantation gaps (Alvarea-Aquino, Williams-Linera & Newton，2004; Lejju, 
Oryem-Origa & Kasenene，2001)，while still retaining all healthy existing native 
trees. Among these, a combination of phased felling of the exotic overstorey and 
restocking of native species, especially in case of insufficient seed trees, is 
considered to be a viable strategy to convert exotics to natives in a shorter time frame 
(Ashton et al., 1997; Otsamo, 1998; Thompson et al., 2003). 
In Hong Kong, clearfelling of all Acacia overstorey instead of gradual 
felling (except along roadside), and restocking of natives seedlings in plantation gaps, 
has been tried out by the Agriculture, Fisheries and Conservation Department (AFCD) 
since the late 1990s. It is found that although clusters of native trees have been 
retained in the field, large areas of the site are still exposed to full sun and strong 
winds. So, will this combination, though partly deviating from practices proven 
successful in foreign countries, prove feasible in Hong Kong? What are the 
consequences of clearfelling and restocking, and what are the corresponding positive 
and negative impacts to the environment? These unknown issues require immediate 
answers to fill the knowledge gap in plantation forestry. 
The effects of clearfelling on the environment have been studied 
extensively worldwide both in the temperate regions and in the tropics, despite the 
fact that many of these studies are largely piece-meal in nature. These investigations 
have focused on the consequences of felling on the surrounding environment, on 
soils and on plants with special attention to seedling establishment (Alvarea-Aquino 
et al., 2004; Otsama, 1998). However, no similar studies have been carried out in 
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Hong Kong. It is understandable that unlike other places, tree-felling is not 
encouraged in Hong Kong because conservation, rather than timber harvesting, is 
always the top priority when forestry policy is drafted (Corlett, 1999). As a result, 
research rarely focuses on this aspect. Nevertheless, until recently, due to the 
necessity of converting exotics to natives, particularly the aging Accicici confusci, 
clearfelling has been carried out inside country parks as a test of transforming exotic 
woodlands into native forests. Given that the consequences will directly influence the 
entire rehabilitation effort (Chapman & Chapman, 1997), it deserves greater attention 
when drawing up forestry plans. Thus, the immediate and short-term impacts of 
clearfelling on soil and plants will be of paramount importance to fill the knowledge 
gap. 
Clearfelling means the removal of the entire amount of or part of the 
vegetation from an area, including the understorey and overstorey (Leavell, 2001). 
With reference to the disturbance severity model proposed by Aber (1990)，tree 
felling while maintaining the entity of soil could be classified as one kind of 
vegetation disturbance in an ecosystem, where secondary succession could still be 
made possible by either natural processes or human intervention. At this level of 
disturbance, although impacts on the environment have been viewed minimally 
among all issues, the resulting effects cannot be ignored or overlooked, particularly 
when it is employed as a means of transforming exotics into native woodlands. 
As suggested by many researchers who have conducted studies concerning 
the effects of clearfelling on the environment, there are significant differences in the 
microclimate before and after felling. The most noticeable change observed is the 
contrast in canopy openness, which leads to considerable alterations in air 
temperature and relative humidity (Lai, 1987). Therefore, in many circumstances, 
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desiccation will occur as a result of high temperatures and low humidity, hence 
contributing directly to the high seedling mortality recorded in felled areas, 
especially during the onset of dry seasons (Hau & Corlett，2003). This has been 
proven by Lai (1987), who found a pronounced difference in relative humidity 
between the cleared and forested lands. The difference could be as large as a 15-20% 
decrease in humidity if the overstorey was felled. Worse still, the ill effects stemming 
from drought would become even more fatal and disastrous to the seedlings, 
especially during the dry season. There exists a close relationship between the degree 
of canopy openness and the occurrence of drought problems. 
On the other hand, light, as another determinant of seedling establishment, 
will become even more crucial because many seedlings are vulnerable and sensitive 
to changes in light intensity (Augspurger, 1984), and therefore may respond 
negatively to felling. Some studies support this view by indicating that the low 
survival rate of seedlings in felled areas is partly due to the intolerance of shade of 
seedlings towards change in the microenvironment (Dalling, Winter & Hubbell; 
2004). Although it is a fact that some seedlings are more vulnerable to microclimatic 
change, the relative success will depend greatly on the shade tolerance of seedlings 
planted underneath plantations (Whitmore, 1989). To what extent will the forest 
environment change following clearfelling? How will these changes affect the 
growth of remnant trees and newly restocked seedlings? Answers to these questions 
shall determine the preferable level of felling in promoting the growth of native 
species. 
Another aspect likely influenced by clearfelling is the soil of the restored 
sites. Soil not only serves as the nutrient pool for plant growth, but also plays a vital 
role in land rehabilitation (Lugo, 1988). Land rehabilitation is, to a large extent, 
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related to soil remedy, in which soil recovery directly contributes to rehabilitation 
success. Prescott (2002) has conducted a study on the influence of tree canopy on 
nutrient cycling in the forest. There is a period of nutrient flushes following 
clearfelling, due to the greater nutrient loss through leaching as well as the decrease 
in plant uptake. Such a phenomenon, depending on soil fertility, tends to commence 
within 1 year of felling and last for 3 to 5 years. 
However, in other studies, contradictory results have demonstrated that soil 
nutrient status would remain unchanged or even decline after tree felling (Edmonds, 
Marra, Barg & Sparks, 2000; Lai, 1987; Olsson，Staaf, Lundkvist, Bengtsson & 
Rosen, 1996). One of the possible reasons behind this might be that the removal of 
canopy retains much of the nutrients in foliage and litter. Although the effect of 
clearfelling varies depending on factors like the recovery period after felling, felling 
operation and recovery techniques (Leavell, 2001), its impacts on soil cannot be 
ignored in restoration projects. Similarly, the effect of clearfelling in Hong Kong also 
warrants our attention, especially in the Acacia confusa woodlands that are thought 
to be prolific litter producers and very effective in ameliorating soil fertility (Au, 
2001). What will occur to soil fertility in the short-term when the Acacia confusa is 
completely removed, even though some native trees remain in situl Will there be any 
pronounced changes in the soil nutrients status of the clearfelled sites? Which soil 
component will be most easily affected and altered, and why? 
Also worth asking is the question: if plants are the major component in 
restoration, how will clearfelling affect plants such as the remnant trees and the 
restocked seedlings? To a certain extent, felling of the overstorey is a kind of 
disturbance that may pose more growth constraints on plants, especially the seedlings, 
because of the more extreme micro-environments created after tree removal. Many 
‘ 8 • 
reports have illustrated the negative effects of high irradiance by felling on young 
seedlings, particularly if they are shade-tolerant species (Augspurger, 1984; Dalling 
et al., 2004)，whereas shade-intolerant remnant trees tend to benefit from felling 
operation. The main reason for this is the lower tolerance of tree juveniles to the 
drastic increase in sunlight when the overstorey is completely felled. As a result, the 
mortality rate of seedlings will tend to be higher in felled sites than in uncut sites. 
Contrary to the above, other studies indicate good growing performance of 
seedlings when using partial felling or tree retention (Ashton et al., 1997; Hickey, 
Neyland & Bassett, 2001; Hickey & Wilkinson, 1999; Otsamo, 1998; Thompson et 
al., 2003). It is believed that the retained trees not only provide shade to the seedlings 
and continue to moderate the micro-climate and soil conditions; they also suppress 
weed invasion and development (Kuusipalo et al., 1995). However, what will happen 
if most of the exotic species have been felled, retaining only some remnant native 
trees to give shade to the seedlings? This scenario can happen when understorey 
natives are limited in the exotic plantations. 
Moreover, factors such as shade tolerance of seedlings to sunlight and 
adaptation to environmental change may also determine restoration outcomes after 
felling. This highlights the importance of selecting the most appropriate species to 
match the restored site characteristics (Pedraza & Williams-Linera, 2003). Yet, little 
is known about the growth requirements and response of selected native species, 
especially in the rehabilitation of degraded areas. A trial using several native species 
in degraded sites can, to a certain extent; help to identify those suitable species for 
felling. 
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1.3 Objectives of the study 
As aforesaid, there are virtually no systematic studies on the transformation 
of exotic plantations into native forests in Hong Kong. In view of the need to fill this 
knowledge gap and to answer the questions raised above, Acacia confusa is chosen 
for investigation in the conversion of exotic plantations to native forests in Hong 
Kong. The broad aim is to test and examine the viability of combining clearfelling 
and restocking as a means of transforming the Acacia plantations in order to facilitate 
native forest restoration. Therefore, the consequences of clearfelling and restocking 
on the ambient environment, soils and plant growth will be investigated in this study. 
The specific objectives are fourfold: 
1. To examine the effect of clearfelling on the ambient environment; 
2. To investigate the effect of clearfelling on soil properties and nitrogen fluxes; 
3. To study the effect of clearfelling on growth performance of the remnant 
vegetation and restocked species; and 
4. To test the combined effects of shade and soil water on growth of selected 
Machilus species (Machilus breviflora, Machilus chekiangensis, Machilus 
pauhoi) and Tutcheria spectabilis under controlled conditions in the greenhouse. 
1.4 Significance of the study 
With the growing importance of native species in the restoration of 
indigenous forests, it is worthwhile to leam more about the approaches of exotic 
species conversion to native species in rehabilitated sites. This study can therefore 
fill the knowledge gap by providing relevant information on the accelerated recovery 
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of native forest in the territory. There is no reason why findings from this study 
cannot be applied to the neighboring south China region. 
It is equally important to realize that there is a real need in Hong Kong to 
conduct such kind of study because we are now facing the problem of aging exotic 
plantations. A quick and viable solution is definitely desirable. It is time to determine 
whether we should wait for the natural invasion of native species into the plantation 
floor, or adopt more proactive measures to accelerate the process. Therefore, a study 
about the transformation approach can provide better insight in the decision-making 
process. 
Last but not least, this piece of information can provide more scientific 
evidence to improve our understanding of native re-colonization and natural 
regeneration in restoration projects. Indeed, these projects are done on a 
trial-and-error basis and the more we work, the more we will understand. This will 
also help us to draw up a long-term forestry policy with a clear direction of using 
exotic and native species in plantations, which will allow better forest management 
to help restore local ecology. 
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Overview of world plantations 
Large areas of the tropical rain forest had been cleared for agricultural, 
urban or industrial uses at an ever increasing rate since the last century (Evans, 1992), 
and this phenomenon had been particularly common in less developed countries. 
According to an UNFAO estimate (2004)，the world had been losing 0.38% of its 
forests every year since the 1990s. Due to the rapid loss of vegetation, vast 
deforested areas has suffered from serious soil erosion, great loss of biodiversity and 
irreversible land degradation (Aide, 2000; Lai, 1987). 
To combat such severe environmental deterioration, restoration of degraded 
land is needed and plantations, which provide quick vegetation cover, have been set 
up to compensate for the vegetation loss as well as to protect the landscape from 
further degradation (Evans, 1992). These plantations are usually dominated by 
exotics that show promising growth performance in restoration projects. 
While exotic plantations have been proven to perform outstandingly well in 
land rehabilitation, recently there are continuous debates on the potential threats 
brought to the local ecosystem by exotics which might undermine their value in 
rehabilitation (Antonio & Meyerson, 2002). One very fundamental question was: for 
what reasons have exotic species been chosen and what are their contributions to 
rehabilitation efforts? Furthermore, we must ask whether or not to abstain from using 
them in present or future projects? In the following sections, some light would be 
shed on these questions. 
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2.2 Restoration through the establishment of exotic plantations 
2.2.1 Rationale for restoration 
Misuse and mismanagement of land are the two major factors leading to 
land degradation in the tropics. The former, which involves vegetation and topsoil 
removal, includes forest clearance for agriculture and pasture, the latter includes 
overgrazing by cattle and over-cultivation by humans. Among these, vegetation 
removal or deforestation was one of the most serious determinants that triggered 
serious land degradation (Lugo, 1988). Unquestionably, clearance of vegetation led 
to many undesirable environmental problems. For example, disturbance of soil 
stability and loss of biodiversity were two unwanted outcomes produced by 
vegetation loss (Holl, 2002). As vegetation protected against soil erosion by holding 
soil particles together, its absence would accelerate soil loss through wind and water 
erosion (Lai, 1987). Vegetation also provided both food and shelter to many species 
of birds and animals (Whitmore, 1975). 
Furthermore, loss of forest cover interrupted carbon cycling, which would 
eventually release large amounts of carbon dioxide back into the atmosphere, thus 
contributing to the rise in global warming. The hydrological cycle would also be 
substantially affected because less rainfall would be intercepted by plants to the 
atmosphere, resulting in a drier and more extreme environment. Once the land was 
eroded and degraded owing to the lack of vegetation cover, rapid decline in land 
productivity would occur resulting in useless lands for agriculture and other 
development (Evans & Tumbull，2004). 
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2.2.2 Restoration principles 
The above reasons accounted for the importance and urgency of restoring 
deteriorated areas. However, the questions of what restoration meant and how it was 
achieved must also be asked. Restoration could simply refer to the reconstruction or 
rebuilding of an ecosystem after disturbance to attain its original stage in terms of 
function and structure (Lugo, 1988). As suggested by Bradshaw (1990)，restoration 
involved one or more of the following objectives: (1) stabilization of the degrading 
land, (2) control of pollution, (3) visual improvement, (4) general amenity for human 
uses, (5) assurance of land productivity, (6) enhancement of species diversity and 
composition, and (7) repair of ecosystem function. Thus, restoration was usually a 
matter of employing vegetation to regenerate the spoiled sites. 
The goals of restoration could also be defined, according to the differences 
in restoration, in three levels (Diggelen, Grootian & Harris，2001). The lowest level, 
which was easiest to achieve, was called reclamation, which involved landscape 
improvement by enriching species diversity. This gave vegetation cover to the 
surface of damaged sites. The second level, rehabilitation, had the aim of 
reintroducing some ecological functions into the degraded ecosystem. By fulfilling 
this goal, productivity would be restored regardless of the species complexity of the 
original ecosystem. The last level, which was also the most difficult to achieve, was 
true restoration, which called for the reconstruction of ecological functions and 
structure of the original ecosystem (Diggelen et al., 2001). A flill restoration could be 
attained only if the structure and the functions of the ecosystem were repaired in the 
same way as the original (Lugo, 1992). Therefore, in the process of species selection, 
native species were considered very important because they were the main 
components of the former ecosystem. Moreover, apart from these fundamental 
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ecological concerns, restoration rate and respective cost were also key considerations 
in the real operation of restoration projects where permanent vegetation should be 
developed as quickly and as cheaply as possible (Bradshaw, 1990). 
In most landscapes, however, a return to the original functional and 
structural state after disturbance was unlikely (Diggelen et al., 2001). This was 
because restoration success depended in large part on the degree of disturbance, the 
susceptibility of land to further damage, and many other growth constraints of forest 
re-construction which might be or might not be able to be artificially removed. 
Generally speaking, due to the difficulties of exactly mimicking everything in the 
former ecosystem, rehabilitation seemed to be the state that could be achieved in 
most ecosystem repair projects (Lugo, 1988). Rehabilitation, according to Bradshaw 
(1990), was one type of restoration repair measure. The key concept behind 
rehabilitation was the involvement of a certain degree of manipulation in 
successional processes, including the management of vegetation, soil, animals and 
even the environment (Marker, 1999; Lugo, 1988). 
2.2.3 Use of exotic plantations in restoration 
Although disturbed sites could recover themselves as long as there was no 
further disturbance (Ashby, 1990)，the self-restoration process was very slow and 
might take thousands of years for completion (Bradshaw, 1990). What was more, in 
some severely degraded areas, due to factors limiting forest recovery, artificial means 
were necessary to allow possible ecosystem re-establishment (Antonio & Meyerson, 
2002; Janzen, 2002; Lugo, 1992). Therefore, to prevent the ecosystem from further 
degradation, human intervention was undoubtedly necessary. 
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One of the fastest and simplest ways to re-build a damaged site was to 
directly add what was missing. Hence, reforestation in the form of plantations with 
species matching the site's original characteristics was encouraged and promoted. 
With some human intervention through plantation management, it was hoped that the 
spoiled land could be rehabilitated in a more reasonable timeframe (Bradshaw, 1990). 
Moreover, plantations fulfilled rehabilitation goals by repairing ecosystem functions 
through reduction of environmental stress and reintroduction of species lost in 
disturbance, thus accelerating the recovery of ecosystem. 
Surprisingly, instead of the indigenous species which seemed to play a 
better role in the imitation of the function and structure of the original ecosystem, 
exotics which were not native to the regions in which plantations exist (Antonio & 
Meyerson, 2002) had been widely used. The phenomenon perhaps began with some 
past misunderstandings that native species could germinate and grow only under 
fertile soil and shade conditions. Together with the lack of knowledge about natives, 
use of indigenous species in plantation was rare (Butterfield & Fisher, 1994; Lugo, 
1997). 
Moreover, there had been more research done to evaluate the use of already 
existing imported species (Lugo, 1997). Because these species were more commonly 
used in other countries, the problems of using such species could be more easily 
assessed from the state of existing plantations. This situation encouraged widespread 
adoption of these species (Evans, 1992). 
2.2.4 Role of exotic species in plantations 
Many studies gave positive support for the use of exotics in plantations, 
especially in some severely degraded areas where native species could not be 
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established (Aber, 1990; Antonio & Meyerson, 2002; Kuusipalo et al., 1995). Those 
selected exotics, which were able to overcome natural constraints such as low soil 
moisture and humidity, harsh environment with little shade, could thrive in the 
spoiled environment (Evans, 1992; Sax & Brown，2000). Other qualities of the 
introduced species, such as fast growth, the ability to fix nitrogen, and disease and 
pest resistance for the first generation, had led to successful use in plantations 
(Antonio & Meyerson, 2002; Kendle & Bradshaw，1992). Furthermore, it had been 
shown that exotics could help promote re-establishment of native species, which 
paved the road to ftill restoration in the future (Senbeta, Teketay & Naslund, 2002). 
The above were considered crucial in rehabilitation because the most 
pressing need for lands was a quick vegetation cover to check soil erosion and 
minimize other undesirable effects stemming from deforestation. Apparently, this 
objective could be achieved by selecting the appropriate exotics in plantations, where 
natives could not adapt to conditions present in degraded areas (Lugo, 1997). 
Many of the plantations in the world, particularly in the tropical regions, 
consisted of exotic species, which possessed certain qualities that could aid invasion 
in badly degraded areas. Typical examples were the exotic pines in Australia and 
Acacia species in Malaysia (Evans, 1992; Turner, Gessel & Lambert，1999). Actually, 
much research had confirmed the promising results of exotic plantations in 
ameliorating soil fertility, moderating microclimatic conditions, increasing 
vegetation complexity and, most importantly, enhancing the overall functions of the 
degraded ecosystem (Evans, 2004; Holl, 2002; Keenan, Lamb, Woldring, Irvine & 
Jensen, 1997; Lugo, 1997; Otsama, 1998; Parrotta et al,, 1997). 
Hence, exotic plantations could act as nurse crops, which paved the way for 
native species re-establishment. Because many of the well-known exotics such as 
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acacias, eucalypts and pines were fast-growing and tolerant of low nutrient soil 
condition, while some were even nitrogen-fixing species, they played a pivotal role 
in the restoration of badly deteriorated lands through their facilitating or catalyzing 
forest succession and re-establishment (Holl, 2002). This could be achieved in a 
shorter time-scale, both in terms of better site conditions and biodiversity 
enrichment. 
Although adding suitable species to the degraded sites in spite of their 
origin could be a viable strategy in restoration (Lugo, 1992), worries had emerged 
from current studies which increasingly reported the potential threats that exotics 
could bring to the local environment (Antonio & Meyerson，2002; Brock, 1994). 
2.2.5 Problems associated with exotic plantations 
The biggest problem associated with exotics, and one which should draw 
more concern, was the potential risk brought to the local ecology if exotics were used 
continuously. Although there were many merits using exotic species in plantations, 
investigations of exotic plantations had also discovered the unexpected drawbacks to 
the local ecology (Antonio & Meyerson，2002; Holl, 2002). 
Similar to many other plantations, exotic plantations possessed features 
such as simple species composition and low diversity, shorter nutrient cycling, and 
undesirable effects to the ecosystem. Worse still, some exotic species, for the 
assurance of their growth and establishment, produced chemicals that inhibited the 
growth of other species including the natives. 
Simple species composition and structure 
Plantations usually consisted of a few species, with only one or two 
dominating the area (Evans, 1992). Because of the monoculture practice in these 
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plantations, the overall species composition was rather simple and the respective 
diversity was lower than the natural remnant forests (Zhuang & Yau, 1998). This 
simplified landscape was a common phenomenon throughout the world as an 
unavoidable outcome of plantations. 
Such a simplified landscape might cause negative effects to the local 
ecology because simple composition and structure, usually having one or two tree 
layers, not only increased visual impact, but also provided limited habitat choices for 
fauna to thrive. Indeed, natural secondary forests had more tree species and birds 
than those of a simple-structured plantation in Hong Kong (Kwok & Corlett, 2000). 
Although the dominant exotic species might be immune to pests at their early stage 
of development, they did have natural predators or enemies. They were also 
susceptible to fiingal or insect infestation and the whole forest might disappear 
within a short period of time. This certainly posed an unforeseeable threat to the 
current ecology and ecosystem (Antonio & Meyerson，2002). 
Low habitat diversity and species biodiversity 
As plantations were often dominated by one or two species of the same age, 
there would be fewer habitats to support animals and birds (Kwok & Corlett, 2000). 
Compared with the natural forests, the biodiversity was much lower due to the 
relatively more habitats provided by the latter (Evans & Tumbull，2004). Although 
the number of species tended to increase with plantation age, it was still low when 
compared with native forests (Chau & Au，2002)，where more complex and diverse 
habitats could be found to provide food and shelter for various kinds of wildlife. 
Simple nutrient cvclins 
According to Lugo (1992)，the ultimate goal of restoration was to restore 
the structure and functions of the original ecosystem, which could be reached by 
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imitating the original forest. Regarding the structure and layer between a plantation 
and a forest, the latter apparently would be more complex and contribute 
significantly to the biodiversity of the ecosystem (Evans, 1992). Therefore, more 
nutrients could be transferred in the forest ecosystem than in plantation ecosystems. 
Adverse effects on the local ecology 
Exotic species could be invasive plants which would have adverse effects 
on the local ecosystem. There were reports of aggressive exotics that could change 
the ecosystem function, outcompete the native species and even spread disease to the 
original ecosystem (Antonio & Meyerson，2002). Exotics might also release 
allopathic chemicals to soil or leave legacy after removal from the restoration site 
(Chou et al., 1998). Due to the change of site conditions, this would hinder the 
re-establishment of the natives and thus lowered native recruitment into the 
plantations. 
Soil properties such as salinity might be altered by exotics (Brock, 1994) 
and eventually, exotics might have the chance to fill the role formerly performed by 
natives. Thus, due to a change in the dominant tree species and the soil and 
microclimatic conditions, there would be great alteration in the function and structure 
of a local ecosystem and the entire landscape. 
Apart from their great value for land rehabilitation, there was no doubt that 
exotics could perform satisfactorily as nurse crops for the invasion of other species, 
and therefore improved some functions and structure of the ecosystem. However, at 
the same time, they also contributed to the homogenous and simplified landscapes 
throughout the tropics, leaving many undetected threats to the ecosystem. Their 
demerits had drawn people's interests away and, instead, native species had gained 
appreciation and credit in plantations. 
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2.3 Transforming exotic woodlands to native forests 
Natives, as they originated from the damaged region, should be more 
harmonious with the local flora and fauna. Having a longer history of establishment 
in the local region, natives were well adapted to the original environment and 
therefore, they were expected to have a good relationship with other species and 
cause less unpredictable harm to the environment (Antonio & Meyerson, 2002). 
Contributions of natives to the environment included providing more preferable food 
and shelter for the other native species to thrive and playing an important role in 
leading towards a climax state in ecosystem and in helping to maintain the 
sustainability of the ecosystem. 
In the past, widespread use of natives in plantations might have been 
impractical and unrealistic due to the difficult growing environment. However, at the 
present time, while the growing environment had been greatly improved and 
ameliorated, use of natives appeared to be a better option to take over exotic's role in 
order to fulfill another objective of rehabilitation: amending ecosystem functions and 
increasing species complexity. 
As early as in the early 1990s, many researches in Australia investigated the 
feasibility of using native rainforest species to replace exotics in plantations (Erskine, 
Lamb & Borschmann, 2005). This was supported by Butterfield & Fisher (1994), 
who had clarified the myths of native species, including nutrient requirement, shade 
tolerance and growth rate. According to them, selecting appropriate native species 
appeared to be as promising in plantations as the already used non-native plants, both 
in terms of timber production and ecological restoration. The question remained: by 
what means should existing exotic plantations be transformed to native forests? 
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2.3.1 Options of woodland transformation 
Apparently, transformation of exotics to native species was not easy, 
primarily due to the complexity and constraints encountered in the process of forest 
establishment, not to mention the difficulty in the manipulation of species during 
transformation. Transformation was not simply a matter of replacing the introduced 
trees and shrubs by native ones. Although full establishment of native forest, at the 
expense of removing the exotics in plantations, should be the ultimate goal, there was 
no over-night solution or universal rule that could be applied. It was a long-term trial 
and recently, more and more countries had put their efforts into forest transformation 
projects, and some had gained valuable experience. 
Generally speaking, some insights could be gained from individual practices 
or combination of practices that could catalyze the re-establishment of native forests. 
Feasible practices included clearfelling or selective felling systems, seed-tree 
retention and shelterwood system, which could shorten the time of forest 
development by eradicating constraints (Burgess & Wetzel, 2002; Hickey et al., 2001; 
Neyland, Wilkinson & Edwards, 1999). Undoubtedly, lessons could be leamt from 
these practices for the transformation of exotics to native forests. 
In Sri Lanka, Ashton et al. (1997) had investigated the conversion of exotic 
pine plantations to native woodlands. The study recommended felling of overstorey 
exotics as a primary means of transforming exotic species. Here, different levels of 
overstorey removal were examined in the transformation process. Three treatments, 
namely uncut, two-row-felling and three-row-felling of exotics, were applied to the 
pine plantations. It was found that saplings grew much better in felled sites than in 
undisturbed sites because more sunlight and less competition existed among the 
species. Theoretically, more light, soil nutrients, living space and water would 
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become available to the remnant species after removal of the exotic plants (Holl， 
2002). Therefore, felling, regardless of its intensity, tended to create a better growing 
environment for the remaining species during transformation. It was thus highly 
recommended. 
What then shall be the extent of clearfelling during transformation? 
Research done in China suggested that the clearfelling practice might have an edge 
over partial felling with respect to plant biodiversity promotion (Wan, Lee & Yuen, 
1994). The study compared three sites, uncut forest, a partly felled site and a 
completely felled site, to examine the effect of felling on restoring biodiversity after 
20 years. The result indicated that plant biodiversity increased in the order of uncut 
forest, partially felled site and completely felled site. One reason explaining the 
highest biodiversity in the completely felled site was the time of survey, which might 
directly affect the number of species present. A period of 20 years after felling might 
be a critical time at which both pioneer and late-successional species thrived in the 
clearfelled site, accounting for the high biodiversity in the forest (Wan et al” 1994). 
Hence, clearfelling might have a greater contributory effect in terms of species 
diversity in the plantation conversion, while its longer term effects, for instance 30 
years, remained unknown. 
Studies in the United Kingdom found a gradual felling of exotics in the 
conversion of native forest more practicable (Thompson et al., 2003). The gradual 
transformation involving phased felling was always preferred to drastic complete 
clearfelling because species might be sensitive to sudden changes in microclimate 
and structure. Partial clearfelling could effectively control light levels and weed 
competition in the woodlands. 
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Other researches had found distinct disadvantages in the clearfelling 
practice. Investigation comparing the regeneration in logged and unlogged areas 
revealed that tree survival rate was lowest in logged areas (Lejju et al.’ 2001). This 
was because many healthy trees were knocked down by neighboring trees during 
felling. This was a matter of the felling machine used. Large machines like tractors 
might easily harm the young trees and seedlings, and eventually cause high mortality 
(Leavell, 2001). If special care was given to the neighboring plants by using smaller 
machines, felling might still be a useful tool in forest transformation. 
Besides, removal of trees seemed to be associated with the intrusion of 
herbivores into the plantation sites (Sweeney, Czapka & Yerkes，2002). Studies in 
the U.S.A. found that the problem of animal browsing became more severe when 
trees were felled heavily, while the survivorship and growth of seedlings could be 
improved by either fencing or tree shelters (Sweeney et al., 2002). Other studies also 
demonstrated that the high mortality and low growth rate of saplings were caused by 
animal browsing (Alvarea-Aquino et al, 2004; Pedraza & Williams-Linem, 2003). 
Apparently, this was a big obstacle in the conversion of exotics to native species. The 
slow establishment of seedlings owing to browsing would inevitably slow down the 
transformation process. 
Contradictory to what was found in China, regeneration in felled sites was 
rather limited in Uganda and very few species could adapt to the new environment 
(Lejju et al., 2001). Thus, the tolerance level of regenerated species to shade was an 
important consideration (Godbold, 1998). If the understorey was dominated by shade 
intolerant species, it was necessary to examine carefully the degree of clearfelling 
(Whitmore, 1989). In addition, the lack of seed sources near the felled site would add 
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constraints to the re-colonization of native species, resulting in low biodiversity 
(Lejju et al, 2001). 
Thus, clearfelling seemed to have mixed effects in catalyzing the 
re-establishment of native forest. The question then was: what could be done to 
minimize the disadvantages of adopting clearfelling in exotic woodland 
transformation? Alternatively, was clearfelling a must in the transformation process? 
While complete felling might cause many undesirable drawbacks, partial 
felling and retention of trees might be viable. Because such practice involved less 
felling and could lower the chance of tree knocking, resulting in more significant 
contributions to native forest re-establishment. Also, because some trees were 
retained in situ, they could serve as the obstacle of intrusion and continue to 
ameliorate the microclimate (Otsamo, 1998). Whether there should be a single or 
phased removal of non-indigenous plants would hinge on the financial budget and 
many site factors, such as accessibility for management, presence of herbivores, and, 
most important of all, the adaptability of native plants to environmental change 
(Thompson et al., 2003). 
Besides, many researches highlighted the importance of enrichment 
planting in sites where regeneration was insufficient or even impossible (Otsamo, 
1998; Runnquist, 2002). While felling had been regarded as one of the viable tools to 
promote native forest re-establishment, in other cases, artificial planting would also 
be needed when natural regeneration was insufficient. In Indonesia, a combination of 
restocking the native species into the forest gap and felling of the exotics was 
encouraged (Otsamo, 1998). The adoption of this approach was mainly because 
on-site species diversity was not rich enough. The study targeted at exotic Acacia 
mangium plantation that had served as a nurse crop for the development of native 
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seedlings. Owing to the poor facilitation of understorey native species, native 
seedlings were restocked before the application of clearfelling. It therefore examined 
the effect of tree removal on the growth of restocked seedlings, uncut and felled sites. 
The results showed that saplings in the felled site gained greater height and diameter 
increment as a result of increased light intensity and nutrient level, followed by 
felling than the uncut sites. Owing to the increased species individuals and diversity 
in plantations, forest re-establishment was quickened and the simplified ecosystem 
became more diversified. 
2.3.2 Woodland transformation in Hong Kong 
From what had been discussed so far, partial felling and sometimes felling 
combined with restocking appeared to be feasible options for converting exotics to 
native species. This was a valuable experience for Hong Kong where proactive 
transformation had never been practiced despite the ageing plantations and 
sometimes low understorey biodiversity. 
The more recent establishments of plantations in Hong Kong had to trace 
back to the 1960s when conservation of natural vegetation and wildlife became the 
major forestry objectives (Corlett, 1999). As a result, many tree plantations had been 
set up to compensate for vegetation loss in order to protect areas near the reservoirs 
and revegetate the barren hills (Dudgeon & Corlett, 1994). At that time, species 
selected for plantations were mainly exotics: Acacia confusa, Lophostemon confertus, 
Pinus elliottii and Eucalyptus species due to their excellent performance on spoiled 
areas. Some of them were nitrogen-fixers that could grow in degraded lands where 
nitrogen, a macro-nutrient essential to plants, was severely insufficient. Together 
with their fast-growing characteristic and the ability to survive in harsh environment, 
26 . 
they were the dominant species in many of the local plantations (Dudgeon & Corlett, 
1994). 
During the last decade, the continuous use of exotics had become a 
controversial issue throughout the world as many studies had revealed the potential 
threats posed by exotics to the local ecology (Antonio & Meyerson，2002; Chou et 
al., 1998). On the other hand, native species were promoted in plantations and, 
hopefully, one day could replace the imported species (Ashton et al., 1997; Otsamo, 
1998; Senbeta et al., 2002). While other places had put their resource into 
investigating viable practices for transforming exotics to natives, studies in Hong 
Kong still focused on the ameliorative effects of exotic plantations on soil nutrients, 
micro-climate and recruitment of native species (Chau & Au, 2002; Zhuang & Yau, 
1998; 1999). 
There was an urgent need to transform exotic, especially the Acacia confusa 
plantation, because they were approaching their senile stage of growth without any 
sign of secondary regeneration. They were also criticized for having low ecological 
value, producing simplified forest structure and suppressing the invasion of other 
native species (Chau & Au, 2002). As rehabilitation was associated with cost and 
time, it should be achieved as quickly and as cost-effectively as possible (Bradshaw, 
1990). Despite the lack of information and experiences in this field in Hong Kong, 
lessons could be leamt from overseas countries. 
Meanwhile, clearfelling of Acacia confusa plantations and in some cases, 
combined with the restocking of native seedlings, was being put to trial in the 




The transformation of exotics to native species had been extensively 
examined overseas, although it was a new research agenda in Hong Kong. The 
undesirable effects caused by exotic species and the potential threats to the local 
ecosystem should not be ignored or underestimated. The use of native species had 
gained credit especially in the preservation of local ecology. While increasingly more 
native species were used in ecological rehabilitation, the transformation of 
species-poor and ageing exotic plantations to native forest should not bypass our 
attention. 
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CHAPTER 3 
THE STUDY AREA 
3.1 Introduction 
This chapter describes the geological setting, climate, geology, soils and 
vegetation of Hong Kong in general, and the study site in particular. 
3.2 Geological setting of Hong Kong 
Geological setting determines the climate, geology, soils as well as 
vegetation type of an area. Although Hong Kong has only a tiny area of 1092 km^, 
the typical geological setting favors a wide range of ecological environments, which 
promotes a rich biological diversity (Chau, Lau, Hau & Siu，2000). 
3.2.1 Climate 
Hong Kong has a seasonal monsoon climate, though it is located within the 
subtropics (114°10'E and 22°20'N). Having a subtropical climate, the typical 
seasonal pattern is resulted from alternation of continental low pressure in summer 
and high pressure in winter (Chin, 1986). In general, summer is hot and humid, and 
dominates from May to September. It is then replaced by the cool-dry winter from 
November to February (Dudgeon & Corlett, 1994). 
The mean annual rainfall and temperature from 1961 to 2005 are 
approximately 2,360 mm and 23.2°C, respectively (Figure 3.1). Rainfall is unevenly 
distributed throughout the year with 80% following between May and September 
(Hong Kong Observatory, 2006). It varies between 449 mm in August and 26 mm in 
January. The abruptly high precipitation coincidentally coincides with the growing 
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seasons of plants. The mean annual temperature ranges from 16°C in winter to 29°C 
in summer. Relative humidity and sunshine are highest in summer seasons and 
lowest in winter seasons. Mean monthly relative humidity is 78% and mean annual 
sunshine is around 1,950 hours respectively. Although frost is rarely observed in 
lowland areas in winter, vegetation at high altitudes is susceptible to cold damage 
(Corlett，1992). 
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Figure 3.1 Mean monthly rainfall and temperature in Hong Kong from 1961 to 
2005 (Source: Hong Kong Observatory, 2006) 
3.2.2 Geology 
Hong Kong is a tiny area dominated by igneous rocks of Jurassic age 
(Dudgeon & Corlett, 1994). The formation is resulted from huge lava and ash 
eruption followed by granite batholiths intrusion during Yanshanian tectonic 
movement. The most common rock type belongs to the Repulse Bay Volcanic Group 
which is basically rhyolitic in nature. It covers the area from eastern peninsulas of the 
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New Territories, Tai Mo Shan, western Lantau Island and half of the Hong Kong 
Island (Peng, 1986). 
Granite is the second most common rock type in the territory, occupying 
about one third of the area and mainly found in the southern and western parts of the 
New Territories, northern Hong Kong Island and eastern Lantau Island (Dudgeon & 
Corlett, 1994). Characterized by coarse-grained crystals and well-developed jointing, 
granite is vulnerable to weathering. 
Non-igneous rock types cover only small areas in Hong Kong, including 
part of the northwestern and northeastern New Territories (Peng, 1986). 
3.2.3 Soils 
Geology and climate control the type of soil formed in the territory. Over 
80 % of the land is occupied by hill soils of the Ultisol (formerly red yellow podzol) 
and Oxisol (formerly krasnosem) orders (Grant, 1986). 
Ultisols typically develop on granitic parent materials above 500m under 
moist conditions. It also occurs on volcanic rocks above 500m if rainfall is intensive. 
The soil involves the weathering of primary aluminosilicate minerals and leaching of 
base cations from the soil profile, so it is very acidic and contains little soil nutrient 
(Brady & Weil, 2002). As soil erosion can be severe because of the well-developed 
jointing system, it only sustains sparse vegetation especially where badlands are 
common and where hill fire is frequent. 
On the other hand, volcanic parent rocks weather from Oxisols below 
500m in a hot and moist environment. It is more resistant to compaction regardless of 
the high clay content. Usually this type of soil is less susceptible to erosion and 
hence is more fertile than the Ultisols in supporting vegetation growth. 
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Overall, the hill soils in Hong Kong are characterized by strong acidity, 
low organic matter content and low fertility, particularly nitrogen, phosphorus and 
calcium (Dudgeon & Corlett，1994). Nevertheless, soil nutrient level in the 
well-protected feng shui forests is considerably higher than other vegetation types 
including exotic plantation woodlands (Jim, 2003). 
3.2.4 Vegetation 
Hong Kong has a high biological diversity. There are about 3136 vascular 
plant species, of which 2100 are native species (Wu et al” 2002). It is believed that 
the climax vegetation in Hong Kong is represented by either the subtropical 
evergreen broad-leaved monsoon forests or semi-deciduous monsoon forests (Chang 
et al” cited in Zhuang & Yau，1999). 
The original vegetation had disappeared since the century due to 
long-term human disturbance. Phased forest rehabilitation on eroded lands and 
borrow areas was initiated following the eradication of indigenous forests (Catt, 1986; 
Chong, 1996). Apart from natural regeneration, artificial plantations have been set up 
to revegetate the barren slopes since the 1950s (Corlett, 1999). Exotic plantations, 
though mostly monoculture, is one of the most effective and promising tools in 
ameliorating soil and microclimate, and recruiting native species. 
The current secondary vegetation is mainly composed of grassland, 
scrubland, woodland and forest. About one third of the forested areas are made up of 
plantations (Ashworth, Corlett, Dudgeon, Melville & Tang，1993) dominated by 
exotic species, including Acacia confusa, Lophostemon confertus, Eucalyptus spp. 
and Pinus elliottii. Until recently, the use of these exotic species has been 
re-examined, and in response, there is an increasing use of native species and mixed 
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plantings since the mid-1990s (Corlett, 1999). Recently, approaches to speed up 
native species regeneration underneath exotic plantation have aroused great concern 
and discussion. 
3.3 Study area 
3.3.1 Site selection 
The selection of site for this study was determined by three conditions. 
Areas dominated by exotic species and with accurate felling record were essential 
and desired for this investigation. To comply with the restoration principles, senile 
plantation with low recruitment rate of native plants was also preferred. Easy 
accessibility of the study sites would be another consideration. 
It was no easy job to find a suitable study area for this research. According 
to the Country Parks Ordinance, tree felling is prohibited in country parks (AFCD, 
2006)，where exotic plantations of varying ages could be found. Luckily, AFCD had 
initiated a project in early 2000s to examine the effect of clearfelling exotic 
woodland plantations {Acacia confusa) on growth of the recruited understorey native 
species in Tarn Lam Country Park. The felled plantations met most of the selection 
criteria mentioned above. It was an old exotic plantation with only a few understorey 
species. The site was easily accessible by a forest track. Furthermore, native trees 
though few in number were present in the understorey layer of the plantation, 
suggesting that seed bank was not absent in the soil. 
Two types of plot on the Acacia confusa plantation, namely uncut and 
clearcut were chosen to examine the effect of clearfelling on the environment, soils 
and plants. Three sampling sites, designated hereunder as A, B and C were 
established and described in the ensuing sessions. 
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3.3.2 Tai Lam Country Park and characteristics of Acacia confusa plantations 
Tai Lam Country Park is the second largest country park in the territory 
(Fig.3.2). In the past, the park was covered by deeply-incised gullies and barren 
slopes. A massive afforestation programme was initiated in 1952 to control soil 
erosion and conserve water resource for the newly constructed Tai Lam Chung 
Reservoir. The dominant species used by then include pines, eucalypts, Lophostemon 
confertus and Acacia confusa. At present native species of oaks, Machilus spp., 
Schefflera heterophylla and Sapium spp. are also common as a result of natural forest 
succession. 
Acacia confusa is originated from Taiwan and the Philippines (Thrower, 
1988), which is a leguminous species of the Mimosaceae family. This plant has 
various uses, including feedstock, construction materials, charcoal making, soil and 
water conservation and biological herbicides to suppress grass growth (Chou et al., 
1998). As a foster plant in ecological rehabilitation, it was introduced to Hong Kong 
in the early 1900s. Because it is fast-growing, wind-resistant and low nutrient 
demanding, the species has been extensively planted on degraded lands since the 
1960s to facilitate forest regeneration (Corlett, 1999). 
As a nurse crop for native forests, Acacia confusa has been used with 
success in ameliorating the soil and the microclimate of badly degraded hills (Chau 
& Au, 2002). Ecologically, Acacia confusa has detrimental effects on understorey 
plants (Lee, Qiu, Waller & Chou，2000). Compared with exotics, such as 
Lophostemon confertus, its low ability to recruit native species (Kong, 2004) and 
other local fauna into the plantation remains a thorny problem in rehabilitation 
process. The low germination rate due to hardheadedness (Chau, 1992) and simple 
understorey structure add doubts to its continuous use in future restoration projects. 
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Thus, proactive forestry practices on a trial basis have been carried out to replace this 
species with native plants since the early 2000s. 
3.3.3 Site description 
Sites A, B and C (Plates 1, 2 and 3)，each about 400m^, were chosen within 
the aforesaid Acacia confusa plantation for this study. The overstorey layer of these 3 
sites was dominated by 34-year-old Acacia confusa. They were located at the 
southwestern part of Tai Mo Shan, the highest peak in Hong Kong, at an altitude of 
500-600m and facing southeast. Geologically, it was dominated by the Repulse Bay 
Formation and weathering of the volcanic tuff gives a fine-grained ferrisol (a kind of 
Ultisol) that was strongly acidic in reaction and red to deep red in color. 
Site A was the control site where Acacia confusa and the associated species 
were preserved in this study (Table 3.1). The site was restocked with the native 
species of Machilus chinensis from April to June 2004 before onset of the rainy 
season; it was fenced in August 2004 to keep away the feral cattle. In sites B and C, 
Acacia confusa were felled by chain saw in April and November 2003 respectively 
while retaining all the recruited native trees. Restocking of native species also took 
place at the same period as site A. In site B，the forest gaps were restocked with 
Machilus breviflora and Machilus chekiangensis whereas in site C，Tutcheria 
spectabilis was also added besides the two Machilus species. A fence was separately 
erected in sites B and C in August 2004 to protect them from cattle browsing. Tree 
seedlings were pit-planted at 1.3 to 1.5 m apart, and there was post-planting 
maintenance to ensure survival of the species (see section 3.3.4). Recruited species 
before clearfelling were retained in sites B and C. All the three sites were adjacent to 
native secondary woodlands dominated by Machilus species. 



































































































Plate 1 Site A 
Plate 2 Site B 
Plate 3 Site C 
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Weather conditions changed with the altitude of a site. The study area was 
generally drier and cooler than the rest of Hong Kong. Average annual rainfall in the 
study area during the period 1997-2005 was around 1980 mm while the mean daily 
temperature of the same period was 17.1°C (Hong Kong Observatory, 2006). Over 
the territory, the ‘frost line' varied between 205 m and 550 m (Corlett, 1992). Since 
the altitude of the study area was about 500 m and Tai Mo Shan was well known for 
its sub-zero temperature, the impact of cold weather on vegetation could be severe 
(Corlett, 1992). Consequently, frost-resistant species of the Fagaceae family tended 
to grow better than other species in the area. Together with the planted exotics, they 
dominated the slopes and hillside (Dudgeon & Corlett，1994) of Tai Mo Shan 
although regeneration of the secondary forests was also common on some slopes. 
3.3.4 Site management 
The restocked species of Machilus chinensis, Machilus breviflora, Machilus 
chekiangensis and Tutcheria spectabilis were propagated by AFCD's tree nursery at 
Tai Tong in the New Territories. These species were selected due to stock 
availability and their widespread occurrence in the Tai Mo Shan area. At the time of 
transplanting, the species had been grown in the tree nursery for about one year, in 
black plastic bag filled with decomposed granite material (locally known as DG) and 
measuring 15 cm in height and 5 cm in diameter. The average height of the seedlings 
was about 0.5 m. They were pit-planted at 1.3-1.5 m apart in the study area. 
Consistent with other afforestation planting, an NPK compound fertilizer 
(Nitrophoska 15:15:15) was added to each seedling to assist growth. 


































































































































































































































































































































































































































































































































































Altogether there were 3 doses within a period of two years. 50 g of the 
fertilizer was applied at the time of planting and another 100 g each in the spring of 
the following two years. Hand weeding was carried out in summer when the 
overgrown grasses would compete for space, nutrient and water with the restocked 
seedlings. No pesticides were applied during the study because of environmental 
reasons. Where mortality was high, replacement planting was carried out in the 
following growing season, which was recorded in the present study. The purpose of 
replacement planting was to ensure successful establishment of the native species as 
far as AFCD was concerned. 
3.3.5 Feral cattle disturbance 
There are about 700 feral cattle in Hong Kong's countryside, and their 
footprints could be easily found around the Tai Mo Shan area (Appendix 1). They are 
draught animal deserted by farmers in the New Territories in the early 1980s when 
agriculture declined gradually. They multiply rapidly in the countryside and browse 
on anything that is edible, including the popular native Castanopsis fissa seedlings. 
Because of the huge number, their disturbance to local ecology should not be 
underestimated. According to the forestry personnel in Tai Lam Country Park, cattle 
browsing were a serious problem in the study area，resulting in low survival rate and 
poor growth of the restored tree saplings a year before this study. Although feral 
cattle were outside the scope of the present study, their impact on vegetation survival 
and the success of ecological rehabilitation was significant. Consequently, fences 
were erected to keep the animals away. 
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CHAPTER 4 
ENVIRONMENTAL CHANGES AFTER CLEARFELLING 
4.1 Introduction 
Microclimate is crucial to the process of soil nutrient cycling, plant 
regeneration and growth, and wildlife habitat establishment. Canopy removal 
changes the structure and feature in a forest, and alters the stand and landscape. This 
would directly modify the physical pattern of light, temperature, moisture and wind, 
and indirectly affect the function of the forest (Chen et al, 1999). 
One of the negative impacts of clearfelling is the change to an open and 
structureless landscape. Despite the visual impact, the most controversial issue is that 
canopy removal would probably create a harsh environment for wildlife and cause 
drought problems, resulting in high mortality rate of plants, but at the same time it 
would facilitate plant growth and thus forest regeneration (Keenan & Kimmins, 
1993). A number of researches demonstrated the detrimental effect of elevated 
temperature and decreased humidity that would increase plant mortality rate 
(Alvarea-Aquino et al., 2004). Nevertheless, the better growth performance of plants 
especially in height increment is also detected in felled area as compared to uncut 
sites. The change in solar radiation balance and wind velocity following felling 
would also propose more extremes in the environment. 
Although it is sometimes difficult to draw a clear conclusion on the 
relationship between environmental change and plant growth and regeneration, a 
handful of metrological data of clearcut environment is vital for the study of native 
forest facilitation using means of clearfelling. Larger fluctuation of environment will 
be expected after canopy removal, yet what would be the magnetite of the above 
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changes? The information is important in the selection of restocking species to assist 
woodland transformation. 
In this experiment, the microclimatic conditions of solar radiation, air and 
soil temperature, relative humidity and wind velocity between uncut and felled sites 
will be assessed. The study objectives are as follows: 
1. Will daily solar radiation differ between the uncut and felled sites? 
2. How will clearfelling affect the soil, ground and ambient temperature in Tai Lam 
Country Park? 
3. Clearfelling changes water use by plants so how will relative humidity and wind 
velocity be affected? 
4. What are the overall benefits and problems arising from clearfelling with respect 
to woodland transformation? 
4.2 Materials and methods 
4.2.1 Instrumentation and microclimatic measurements 
To compare the microclimatic conditions between uncut and cut plots, a 
data logger was set up in site A and site B respectively (Plate 4 and Plate 5). Due to 
the limitation of resources, only one data logger was set up in each site so 
microclimatic data were collected at the same point throughout the study. For site A, 
the data logger was placed directly underneath the Acacia confusa overstorey at 
ground level, and well away from the edge of the study plot. For the felled site B, the 
data logger was laid in an open area away from the residual native trees to avoid 
shading. 
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Plate 4 Data logger in site A 
Plate 5 Data logger in site B 
43 
Due to the limitation of manpower and resource, microclimatic conditions 
were only measured from December 2005 to March 2006. Data were collected 
continuously at 1 -minute intervals on a 24 hour-cycle for four selected days every 
month. As such, the experiment lasted for 16 days and the information gathered 
represent the dry season only due to aforesaid reasons. The variables measured 
included solar radiation, temperature, relative humidity and wind velocity at various 
levels. Solar radiation at 50 cm above ground level was measured using a solar 
radiation sensor (Li-Cor Inc. Model Quantum SR. No.Q 14281). For temperatures at 
10 cm below ground level and at ground level, they were recorded by digital 
thermometers. For temperature and relative humidity at 50 cm above ground level, 
they were detected by respective humidity and temperature probes (Vaisala), while 
wind velocity at 50 cm level was estimated by wind speed sensor (Model LI 
200S.2191501). 
4.2.2 Data processing and statistical analysis 
Statistical analysis was carried out using the statistical package SPSS (for 
Windows). Due to the small sample size, no statistical analysis was performed in this 
part. Instead, the hourly means of each parameter were obtained from SPSS (for 
Windows) for direct comparison. The mean values represented the average of 16 
days in four months during the study period. 
4.3 Results and discussion 
4.3.1 Solar radiation and temperature after clearfelling 
Solar radiation was highly sensitive to overstorey removal (Chen et al,, 
1999). The average daily solar radiation at 0.5 m above ground in site A was only 0.7 
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w W compared to 2.6 w W i n site B (Table 4.1). It varied between 0-15.7 w W i n 
the felled site and 0-2.3 W/m in the uncut area (Figure 4.1). The highest solar 
radiation was measured at 10 o'clock and 12 o'clock in the felled and uncut sites 
respectively, and solar radiation decreased drastically following sunset. It was 
apparent that average solar radiation was higher and more variable in the felled site 
than the uncut site. On average, the felled site received approximately four times 
more solar radiation than the uncut site during daytime in winter. 
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Figure 4.1 Average solar radiation in the uncut and felled sites, December 2005 
to March 2006 
As suggested, the increased radiation would theoretically enhance the 
photosynthesis rate and growth of plants (Tuner et al., 1999). The impact of solar 
radiation was greatest during daytime and diminished after sunset. 
Temperature is one of the most sensitive variables to canopy removal. The 
mean temperatures below ground (soil temperature hereafter), at ground level 
(surface temperature hereafter) and above ground levels (ambient temperature 
hereafter) were 16.rC，15.7°C and 15.5°C in site A, compared to the corresponding 
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values of 18.TC, 17.4°C and IS.TC in site B (Table 4.1). Both the soil and surface 
temperatures were higher in the felled site than the uncut site. On the other hand, 
ambient temperature was slightly higher in the uncut site but did not have any 
significant meaning. It was well documented that emission of short-wave solar 
radiation was much greater at the surface of clearcut environment than a forest 
ground (Lai, 1987; Keenan & Kimmins, 1993). Consequently, daytime temperature 
was higher and warmer in the clearcut site. This explains why elevated temperatures 
were recorded at 10 cm below ground, at ground level and 0.5 m above ground 
during the daytime. Conversely, the amount of long-wave radiation was greater in the 
clearcut site at night time so that temperature was lower than the uncut site. 
Greater temperature fluctuations were detected on the ground than in the soil and 
0.5m above ground (Figures 4.2a, b & c)，particularly in the felled site. On average, 
diumal variation was as high as 15.5°C under the clearfelled site. However, average 
soil temperatures were rather constant and showed a similar pattern throughout the 
day in both sites. In general, soil temperature was higher in the felled site than the 
uncut site, reaching the peak at around 3 o'clock to 5 o'clock in the afternoon before 
falling gradually towards the evening and midnight. The nighttime air temperature at 
0.5 m above ground level in the felled site was lower than that of the uncut site but 
not during daytime. Similar to surface temperature, the clearfelled site yielded a 
higher air temperature during daytime although the magnitude of fluctuation was 
smaller. 
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(a) Soil temperature 
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(c) Ambient temperature 
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Figures 4.2 (a), (b) and (c) Average temperatures at different levels between the 
uncut and felled sites, December 2005 to March 2006 
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It is thus clear that clearfelling had greater impact on surface temperature 
than soil and ambient temperatures. It was because the soil in the felled site was not 
covered by vegetation so it had a higher conductivity and heat penetration (Chen et 
al., 1999). As a result, surface and soil temperatures were consistently higher in the 
clearcut site than the uncut site during daytime. That soil temperatures were lower 
than ground and ambient temperatures in both sites was a result of the insulating 
effect of the soil itself. Of course, soil temperature was generally higher in the felled 
site mainly due to the lack of plant cover (Lai, 1987). 
Overall, greater fluctuation was found after canopy removal in the felled 
site. The result was comparable to studies elsewhere in the world (e.g. Lai, 1987; 
Keenan & Kimmins, 1993). Apparently, clearfelled site had a more variable 
temperature regime than the forested land. Nevertheless, the increased solar radiation 
and temperature in the clearcut site can likely facilitate photosynthesis and promote 
plant growth, particularly the shade-intolerant species (Alvarea-Aquino et a/” 2004; 
Meyer, Sisk & Covington，2001). Furthermore, the increased soil temperature after 
clearfelling seldom result in negative impacts on the biological activities of roots, 
fungi or other organisms (Keenan & Kimmins，1993). Rather, elevated temperature 
would enhance biological activities such as mineral decomposition. 
4.3.2 Relative humidity and wind velocity after clearfelling 
In general, relative humidity at 0.5 m above ground was higher in the uncut 
site (84%) than the felled site (74%). This coincided with the higher temperature 
recorded in the felled area (Figure 4.3). On a daily basis, relative humidity was 
lowest in the afternoon and highest from midnight to dawn in both sites, when the 
temperature continued to drop. There appears to be a negative correlation between 
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temperature and relative humidity. 
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Figure 4.3 Average relative humidity (0.5m above ground) between the uncut 
and felled sites, December 2005 to March 2006 
Wind velocity was generally higher in the uncut site (1.5-2.4 m s"^ ) than the 
felled site (1-1.4 m s The higher wind speed in the uncut site was not expected 
because it tends to increase after canopy removal. Nevertheless, wind speed was 
dependent on topography and the slope of an area. On a flatland, it might be true that 
wind speed was higher in the clearcut site than the uncut site due to the absence of 
trees to slow down wind speed. However, it would be more unpredictable on slopes 
where the data loggers were located. 
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Figure 4.4 Wind velocity at 0.5m above ground between the uncut and felled 
sites, December 2005 to March 2006 
It is well known that increased wind speed can dissipate the heat on the 
ground surface, thus reducing the change in temperature and relative humidity in the 
surface soil. However, no direct relationships were found between wind speed, 
































































































































































































































































































































4.3.3 Effect of clearfelling on exotic woodland transformation 
Removal of canopy results in the direct exposure of an area to an extreme 
environment. In the present study, greater variations in solar radiation, soil 
temperature, ground temperature and ambient temperature were found in the clearcut 
site than the uncut site (Table 4.1). In other words, residual plants in the clearcut site 
would face a more variable growth environment in winter time. One drawback of 
overstorey removal is that the higher temperature and lower humidity in felled site 
would increase the problem of drought and result in higher plant mortality 
(Alvarea-Aquino et al” 2004; Jull et aL, 1996). Another drawback is that 
photosynthesis would be retarded when temperature is elevated to above 35°C 
(Keenan & Kimmins，1993) as plants need to close their stomata to prevent water 
loss under the hot environment. On the other hand, however, increased temperature 
can promote growth of plants, particularly the shade-intolerant species. 
In the present study, the temperatures recorded in winter time had never 
exceeded 30°C, hence stresses arising from elevated temperature is not a concern. 
However, the situation in summer may be different because in Reifsnyder's (1981) 
study, the temperature at seedling height could have been 10°C more than the uncut 
forest. Furthermore, the temperature at various levels tends to fluctuate in a greater 
magnitude in the felled area than in the uncut area (Table 4.2). Although there is 
insufficient information to prove that photosynthesis would be retarded owing to 
elevated temperature in summer, drought is always a potential problem under this 
situation. Coupled with low photosynthesis, high temperature can easily kill the 
plants. To tackle this problem, drought-resistant and shade-intolerant species should 
be restocked in the clearcut site. This would be further discussed in Chapter 7. 
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Table 4.2 Microclimatic changes after clearcutting 
Sunny summer day Effects 
Short-wave radiation at surface 10-20 fold increase 
Max. air temperature (1.5 m) 3-5 °C increase 
Max. air temperature (seedling height) 10 "C increase 
Max. surface temperature (bare soil) 20 °C increase 
Max. surface temperature (10 cm depth) 5-10 °C increase 
Relative humidity Small increase 
Wind speed at seedling height Increase 
Changes in the environment such as solar radiation, temperature, relative 
humidity and wind speed would have both positive and negative effects on forest 
transformation. The altered environment would unquestionably cause greater 
fluctuations in these parameters, which would affect nutrient cycling and plant 
growth. Despite the change to soil nutrient status, the impact on plants could be 
alleviated if appropriate species were planted in the felled site. Again, the criteria of 
species selection would be addressed in Chapter 7. 
4.4 Summary 
The major findings of this experiment are summarized below: 
1. Average daily solar radiation in winter time was higher and more variable in the 
felled site than the uncut site. The greatest variations were recorded during 
mid-day. 
2. Soil and surface temperatures were higher in the felled site than the uncut site. 
However, the reverse was found for air temperature which was higher in the 
uncut site. The greatest fluctuation of temperature was found at the ground level, 
especially in the clearfelled site. 
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3. Relative humidity and wind velocity were higher in the uncut site than the felled 
site. 
4. Changes in the environment such as solar radiation, temperature, relative 
humidity and wind speed would have both positive and negative effects on forest 
transformation. While the increased solar radiation and temperature would result 
in better growth performance of plants, higher radiance and temperature might 
lead to the potential problem of drought. 
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CHAPTER 5 
CHANGES IN SOIL PROPERTIES AFTER CLEARFELLING 
5.1 Introduction 
Soil performs a crucial role throughout plants' life, determining their 
survival, growth and development. It gives physical anchorage for vegetation and 
acts as nutrient pool for plant (Blair-Rains, 2006). Soil and plants are inter-related 
and interactive with each other. A total of 17 elements, including N, P, K and other 
micronutrients, are required by plants and obtainable from most soils. In return plants 
can enrich the soil with organic matter when they shed their leaves or die (Brady & 
Weil, 2002). This intake and release of nutrients between soil and plants warrants a 
recycling of nutrients within the ecosystem, thus sustaining the growth and evolution 
of forest (Bormann & Likens，1994). 
According to Aber (1990), removal of vegetation is a kind of soil 
disturbance which interrupts soil nutrient cycling and depletes soil fertility. 
Clearfelling, which involves either entire or partial removal of trees, may have 
detrimental effects on soil particularly on the cycling and turnover of minerals in 
nutrient pool (Maassen & Wirth，2006). The close yet efficient nutrient cycling will 
be interrupted as a result of the direct elimination of trees, leading to net export and 
depletion of nutrients from ecosystem. 
Soil nutrient retention within forest ecosystems is largely controlled by 
variations among simultaneous processes, such as nutrient input, recycling and loss 
(Prescott, 2002). As reported in the literature, nutrient level tends to increase shortly 
after clearfelling because a greater amount of the nutrients would be untapped from 
decomposing residues of trees (Bormann, Likens, Siccama, Pierce & Eaton，1974; 
Keenan & Kimmins，1993). Unfortunately, leaching of nutrients also increases 
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rapidly following felling due to reduced uptake by plants (Iseman, Zak, Holmes & 
Merrill, 1999). Consequently, nutrient status tends to drop drastically after felling as 
a result of the early exhaustion of decomposable minerals (Bormann & Likens, 1994). 
The problem of nutrient loss will be more acute when there is a lack of or delay in 
vegetation recovery after disturbance. 
Vegetation influences soil fertility in the form of litter input, which is the 
primary source of soil organic matter and other nutrients (Brady & Weil, 2002). 
Likewise, soil pH, which affects the turnover of nutrients, is also controlled by the 
amount and decomposition rate of litter, and it tends to change when the forest is 
removed (Johnson, Johnson & Siccama，1991). Acid substance produced by litter is 
one of the factors affecting pH level. What will happen if there is a reduction in litter 
input to the clearfelled site? 
Soil organic matter is the main source of macro-nutrients, such as N, P, K, 
Ca, Na and Mg (Brady & Weil，2002). As a major pool of soil organic matter and 
essential nutrients, litter derived from the aboveground vegetation will be reduced 
drastically after felling. While some studies find no significant change in SOM after 
harvest, others report an immediate increase followed by a gradual decline after 
clearcut harvesting (Johnson, 1992). How will SOM change with vegetation removal 
in the study sites? 
Nitrogen is the most important macro-nutrient limiting plant survival and 
growth (Clark & Rosswall，1981). TKN in the forest soil refers to both the organic 
and inorganic forms of nitrogen; it reflects approximately the N level in an 
ecosystem (Bremner & Mulvaney，1982). Since SOM is the storehouse of TKN in 
natural forest ecosystem, canopy removal will indirectly affect the status of TKN. 
Knoepp & Swank (1997) reported that the amount of TKN was dependent on the 
harvesting method in which whole-tree method would decrease total nitrogen and 
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residue addition would lead to an increase. How will TKN in the soil change with 
clearfelling? Will TKN drop progressively with decline in SOM, as reported in 
overseas studies? 
Available phosphorus and other exchangeable cations also play an 
important role in supporting plant growth and reproduction, as well as maintaining 
the functions of enzyme system in plants (Brady & Weil，2002). Yet, there is usually 
a deficiency in their availability in the local soils due to Al fixation and severe 
leaching, respectively. Although P flux after clearcutting is not well documented, it is 
still a main concern in forest re-establishment. Together with the possible loss of 
cations in harvest (Olsson, Bengtsson & Lundkvist，1996), what will be their fate 
after canopy removal in Tai Lam? Will the elements induced from nutrient flush be 
leached out of the forest, resulting in sharp decrease in the felled sites? 
To answer the above questions, this chapter examines the change of soil 
reaction pH, SOM, TKN, exchangeable cations and available P after clearfelling. 
This information is useful in the understanding of both the nutrient fluxes and 
fertility status of the soils, which are undoubtedly related to the return of native 
species. Findings obtained from this experiment can give answers to the following 
specific questions: 
1. Will there be any temporal change in reaction pH after clearfelling? 
2. How will SOM and TKN vary between the uncut and clearcut sites? 
3. How will exchangeable cations and P fluctuate with time after clearfelling? 
4. What are the effects of clearfelling on cation nutrients of the soils? 
5. Will clearfelling adversely affect the nutrient-supplying capacity of the soils? 
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5.2 Materials and methods 
5.2.1 Soil sampling 
Soil samples were separately collected in March 2005 and March 2006, two 
and almost three years after clearfelling in sites B and C. Site A was the uncut site 
that serves as the control site in the present experiment. Systematic sampling was 
adopted to study the change of soil properties after clearfelling. Two transects each 
were earmarked in sites A, B and C. There were eight sampling points, at 8-m 
intervals, along each transect. Soil samples were collected by an auger at 0-5cm, 
5-15cm and 15-30cm depth from each sampling point after removal of the surface 
litter. To minimize soil variation in the same sampling point, 3 sub-samples at depths 
of 0-5cm and 5-15cm were bulked to give one composite sample. This was, however, 
not practised in the 15-30cm layer due to field difficulty. Altogether, there were 144 
soil samples in this experiment. 
5.2.2 Laboratory analysis 
All soil samples were returned to the laboratory. Before any analysis, a 
sub-sample from each fresh soil sample was passed through 0.5mm sieve and stored 
at 4°C in the refrigerator for the determination of available P. For rest of the samples, 
they were air-dried at room temperature and passed through 2 mm and 0.5mm sieves 
respectively for different soil analysis. The 2-mm sieved soil samples were used to 
analyze soil texture, pH and exchangeable bases (K, Na, Ca and Mg), whereas the 




Texture of the soil was determined by the Bouyoucos soil hydrometer 
method. 5% Calgon solution (sodium hexametaphosate) was added to 50 g of 2-mm 
air dry soil, and mixed with tap water. The mixture was stirred at high speed for 15 
minutes, diluted to 1000 ml with tap water and stirred vigorously for 1 minute with 
the paddle. Hydrometer readings were taken at 4 minutes 48 seconds after removal of 
the paddle to measure the silt and clay fractions while the clay fraction was measured 
5 hours afterwards (Grimshaw, 1989). The texture was then estimated according to 
the scale of International Society of Soil Science, after temperature correction. 
5.2.2.2 Soil reaction pH 
Soil reaction pH was measured by using the glass electrode method. A 
mixture of 15 g of 2-mm air dry soil with distilled water at a soil: water ratio of 
approximately 1:2.5 (w/v) was shook for 10 minutes. After standing for 30 minutes, 
pH was detected by a glass electrode with the Orion Expandable Ion Analyzer EA 
940. 
5.2.2.3 Soil organic carbon (SOC) and organic matter (SOM) 
To determine organic carbon in soils, Walkley-Black partial oxidation 
method was employed. To oxidize the organic carbon, 10 ml 5% potassium 
dichromate solution and 20 ml concentrated sulphuric acid were added to 0.5 g of 
0.5-mm air dry soil. After standing for 30 minutes, organic carbon was determined 
by back titration with 0.5 N ferrous sulfate heptahydrate with 
o-Phenanthroline-ferrous complex as the indicator. The organic matter (SOM) was 
calculated by multiplying organic carbon by a factor of 1.724 (Chaney & Swift, 
1984). 
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5.2.2.4 Tokal Kjeldahl nitrogen (TKN) 
Kjeldahl digestion method was used to determine total nitrogen in the soils 
(Bremner & Mulvaney, 1982). One g of 0.5-mm air dry soil was digested in 12 ml 
concentrated sulphuric acid and a Kjeltab tablet containing copper sulfate and 
potassium sulfate in the Tecator DS-20 digestor at 370 "C for about 45 minutes until 
the mixture turned whitish. The digest was then steam distilled to release the 
ammonium in the presence of excess alkali. The distillate was collected in a receiver 
flask with 25 ml boric acid and back titrated with 0.01 M hydrochloric acid. 
5.2.2.5 Carbon: nitrogen ratio 
The carbon : nitrogen ratio was estimated by dividing organic carbon 
content by the TKN content. 
5.2.2.6 Available phosphorus 
Molybdenum blue method was employed for the determination of available 
phosphorus. 5 g of 0.5-mm fresh soil from each sample was extracted with 1 M 
ammonium lactate at pH 3.75 and then shaken for 90 minutes (Grimshaw, 1989). The 
extract were filtered through Whatman 5 filter paper and diluted with 0.5 M 
hydrochloric acid at a ratio 1:2. Available phosphorus was determined by employing 
the molybdenum blue method in flow injection analysis, with stannous chloride as 
the reducing agent. The absorbance was measured at wavelength of 690 nm. 
5.2.2.7 Exchangeable cations 
Five grams of 2-mm air dry soil was extracted with 1 M ammonium acetate 
at pH 7 and shaken for 1 hour. The extracts were filtered through Whatman 5 filter 
paper and exchangeable K, Na，Ca and Mg were determined by using the Van an 
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Spectr AA-300 Atomic Absorption Spectrophotometer. It was expressed as cmol kg'' 
after moisture correction. 
5.2.3 Data processing and statistical analysis 
All results were corrected for moisture and expressed on oven dry weight 
basis. Means and standard deviations of each site and soil depths were obtained from 
SPSS (for Windows) by One-way ANOVA. Duncan's Multiple Range Test at the 
significance level of p<0.05 was employed to test if there were any statistical 
differences among the sites. 
5.3 Results and discussion 
The effect of clearfelling on soil nutrients has been investigated extensively 
since the last century in temperate regions (e.g. Keenan & Kimmins，1993; Liechty 
& Michael，2004). It is essential to understand the post-harvest changes, if any, on 
the forest floor in relation to forest succession. It is equally important in Hong Kong 
because of the association with exotic woodland transformation. Since nutrient 
cycling and soil fertility can be altered by canopy removal, the information gathered 
is of practical relevance to the re-establishment of native forests. 
In this study, to truly reflect the effect of clearfelling on soil chemical 
properties, unpublished data collected by the author on the same area in 2003 were 
also used for comparison purpose. The information obtained in 2003 indicated soil 
mineral status within the same year after felling. At that time, there were no 
significant differences among the three study sites. Thus, the soil chemical data by 
then could serve as a baseline for comparison among the different sites. As noted 
below, noticeable differences in soil properties emerged gradually in 2005 and 2006, 
that was 2 to nearly 3 years after clearfelling of the overstorey Acacia confusa. 
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5.3.1 Temporal change of soil texture and reaction pH after clearcutting 
Soil texture remained unchanged in site A, while some minor changes were 
observed in site B and site C across the study period (Table 5.1). Soil texture in site A 
was predominantly sandy clay loam at the top soil layer and clay loam at 5-15 cm 
and 15-30 cm layers. On the other hand, soil texture in sites B and C was dominated 
by sandy clay loam from 2005 to 2006. Changes were found at 0-5 cm soil layer in 
site B, from sandy clay loam to sandy loam while texture at 15-30 cm layer in site C 
changed from clay loam to sandy clay loam. It seemed that there was a decrease in 
the finer fraction of clay in the felled sites although the pattern was not consistent. 
Table 5.1 Soil texture of the study sites in 2005 and 2006 (n=5 for all soil layers) 
Site A SiteB SiteC 
Soil layer 2005 2006 2005 2006 ^ 2006 
sandy clay sandy clay sandy clay sandy clay sandy clay 
0-5 cm , , sandy loam , , 
loam loam loam loam loam 
sandy clay sandy clay sandy clay sandy clay 
5-15 cm clay loam clay loam 
loam loam loam loam 
sandy clay sandy clay sandy clay 
15-30 cm clay loam clay loam Clay loam 
loam loam loam 
Soil texture in each site did not vary significantly during the study period. 
This was expected because the effect of clearfelling was dependent on forest 
extraction method, site preparation and silvicultural system (Keenan & Kimmins, 
1993). As canopy in the study area was removed by chainsaw and the residual logs 
were not directly placed on site, impact on soil texture was minimized. 
Soils were strongly acidic in reaction in all the sites. The pH values 
fluctuated across different sites from 2005 to 2006 (Table 5.2). For site A, soil pH at 
0-5 cm dropped from 3.87 to 3.72 while at 5-15 cm layer, pH decreased from 3.98 to 
3.94 between 2005 and 2006. On the other hand, an increase in pH was found at 0-5 
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cm layer in sites B and C, with pH values increasing from 4.08 to 4.14 and 4.32 to 
4.52，respectively. However, pH at 15-30 cm layer increased in all sites from 2005 to 
2006. 
Table 5.2 Reaction pH of the study sites in 2005 and 2006(n=16 for all soil layers) 
Site A SiteB Site C 
Soil layer 2005 2006 2005 2006 2005 2006 
3.87a 3.72a 4.08b 4 14 b 4 32C 4 52C 
0-5 cm (0.09) (0.15) (0.28) (0.29) (0.27) (0.26) 
3.98' 3.94a 4 i2ab 4 11 b 4 1 9 b 4 20^ 
5-15 cm (0.15) (0.11) (0.29) (0.20) (0.17) (0.20) 
4.10a 4 21 a 4.20' 4.29 a 4.14 a 4.27 a 
15-30 cm (0.12) (0.10) (0.17) (0.11) (0.13) (0.17) 
Row means sharing the same superscript are not significantly different (p<0.05) by Duncan's 
multiple range test. 
Values in brackets represent standard deviation. 
Although there was no significant change in reaction pH in the same site 
from 2005 to 2006，significant differences existed among the three study sites in 
2005 and 2006 particularly at the uppermost layer. In 2005, pH at the uppermost 
layer was significantly different among sites A, B and C，while there was significant 
variations at both 0-5 cm and 5-15 cm layers among the sites in 2006. Site A was 
obviously more acidic than sites B and C. There seemed a tendency that soil pH in 
sites B and C gradually increased at different soil levels from 2005 to 2006, whereas 
the soil in site A was becoming more acidic, particularly the uppermost layer. 
In general, the soils were strongly acidic in the study sites regardless of 
clearfelling treatment (Figure 5.1). However, pH tended to increase in the felled sites 
but dropped in the uncut site as compared to information obtained immediately after 
felling in 2003. 
In site A, pH of the 0-5 cm layer decreased from 3.95 to 3.72 between 2003 
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and 2006 (Figure 5.1)，sustaining an environment of extremely high soil acidity 
(Appendix 2). This was lightly due to the constant release of acid substances during 
litter decomposition from Acacia confusa, which was a prolific litter producer (Chau, 
1993). On the other hand, pH of the same soil layer in sites B and C increased from 
3.99 to 4.14 and 3.93 to 4.52 from 2003 to 2006 respectively. Obviously, soils in the 
felled sites were less acidified than the uncut counterpart. The slight increase in pH 
was probably caused by a drop in litter input from the overstorey after tree removal, 
lower uptake of bases by trees, and reduced production of organic and carbonic acid 
during metabolism of tree roots. 
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Figure 5.1 Soil pH in sites A，B and C across 2003, 2005 and 2006 
Although soil acidity was still very high in sites B and C after harvest, the 
removal of Acacia confusa might help to alleviate the problems caused by low soil 
pH. It was well known that low pH value (<5.5) accelerates the release of Al, Fe and 
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Mn from soil clay, which would form compounds with P and limit its availability to 
plants (Landon, 1991). Furthermore, the availability of exchangeable cations would 
be reduced and became deficient under strongly acidic environment (Brady & Weil, 
2002). 
5.3.2 Temporal change of soil organic matter after clearcutting 
Soil organic matter at all soil levels dropped in sites A and C from 2005 
and 2006, while an increase was found in site B (Table 5.3). In 2005, SOM at 0-5 cm, 
5-15 cm and 15-30 cm layers in site A varied from 3.25 %-9.95 %, but decreased to 
3.07 0/0-8.93 % in 2006. For site C, SOM ranged from 3.50 % to 7.52 % at all levels 
in 2005，but dropped further to 3.19 % at 15-30 cm layer and 6.97 % at 0-5 cm layer 
in 2006. SOM appeared to decline in sites A and C. On the other hand, there was an 
increase in site B，ranging from 2.94 % to 8.92 % in 2005 and 3.76 % to 9.49 % in 
2006 respectively. 
Table 5.3 SOM (%) of the study areas in 2005 and 2006 (n=16 for all soil layers) 
Site A SiteB Site C 
Soil layer/Study year 2005 2006 2005 2006 2005 2006 
9.95 b 8.93 a 8 92 b 949 b 7.52 a 6 . 9 7 a 
(1.38) (1.66) (2.33) (2.41) (1.34) (1.09) 
5 .15 ' 4.25 a 5 .48 ' 6.70 b 5 .43 ' 5 .43 ' 
5-15 cm (1.09) (2.10) (1.10) (1.90) (1.25) (0.72) 
3.25 a 307 a 2.94 a 3 76 a 3 50 a 3 19a 
15-川 cm (1.38) (0.65) (0.62) (1.41) (0.48) (1.02) 
Rows means sharing the same superscript are not significantly different (p<0.05) by Duncan's 
multiple range test. 
Values in brackets represent standard deviation. 
Similar to soil reaction pH, there was no apparent change in SOM for the 
same site during the study period, yet the trend was different among the three sites. 
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For instance, SOM at 0-5 cm layer varied significantly among the sites in 2005, and 
in 2006 in addition to the difference in 0-5 cm layer, SOM also varied noticeably at 
5-15 cm layer in sites A, B and C. It appeared that the fluctuation of SOM was 
greatest in the uppermost layer. This was expected because clearfelling involved the 
removal of large amount of organic matter from a forest ecosystem in the form of 
vegetation biomass. The sudden reduction in organic matter input would interrupt C 
cycling and unavoidably re-distribute the current SOM contents in the deforested 
sites. 
SOM content at the top 5-cm soil was rated medium to high in the study 
areas (Appendix 2), suggesting that it was adequate. It was obviously resulted from 
the build-up of SOM with age of the plantations (Au, 2001). Shortly following 
canopy removal in 2003, SOM at the uppermost layer was similar in all the sites, 
ranging from 9.7 % to 10.21 %. However, remarkable differences among sites A, B 
and C were detected in 2005 and 2006 (Figure 5.2). Compared to the result of 2003, 
there was a noticeable decrease at 0-5 cm soil layer in sites B and C in 2005. This 
drop in SOM at the top soil layer was apparently due to the removal of canopy, 
resulting in the export of organic matter from the sites. Coupled with faster 
decomposition of litter owing to increased temperature and moisture (Edmonds, 
2006), SOM dropped steadily as input of organic matter decreased. 
While SOM continued to decline in sites A and C in 2006, it increased to 
9.49 % in site B 3 years after clearfelling, being comparable to the pre-harvest level. 
Despite the fact that SOM tended to decrease after felling, there was a convergence 
point at which decomposition and loss of organic matter would be offset by litter 
inputs from the regenerating vegetation (Covington, 1981). Study in pine 
regeneration stands found the convergence point was 6 years after felling (Krause, 
1998). 
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Figure 5.2 Soil organic matter in sites A, B and C across 2003, 2005 and 2006 
In this study, the return of SOM to nearly the pre-harvest level indicated a 
potential restoration of organic matter in the felled site. Although the forest had not 
fully recovered from clearfelling, there was significant growth of recruited trees and 
restocked seedlings (see Chapter 7). The re-establishment of vegetation would 
promise uninterrupted supply of organic matter in the form of litter input to the forest. 
Moreover, due to increased sunlight as well as increased nutrients availability after 
felling, invasion of weeds was quite severe during the active growing season in 
summer (Plate 6 and Plate 7). The dieback of grass in autumn and their residual roots 
would probably contribute to an increase in SOM in deforested area (Waide, Caskey, 
Todd & Boring，1988). 
Unlike site B, substantial decrease in SOM in site A from 2003 to 2006 
might be due to the reduced litter input in the older plantation (Bray & Gorham's 
study, cited in Au, 2001). In site C, low SOM was likely caused by clustering of the 
recruited trees on one side, leaving the other side exposed and lacking litter supply. 
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Plate 6 View of Site B in June 2005 
_ 
Plate 7 View of Site B in September 2005, showing severe weed invasion 
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5.3.3 Temporal change of Total Kjedahl Nitrogen after clearcutting 
There was an increase in TKN in sites A and B but a decrease in site C 
from 2005 to 2006 (Table 5.4). In 2005，TKN at 0-5 cm, 5-15 cm and 15-30 cm 
layers ranged 0.14-0.44%, 0.12-0.43% and 0.16-0.4% in sites A, B and C 
respectively. The corresponding values changed to 0.17-0.53%, 0.2-0.50% and 
0.16-0.36% in sites A, B and C in 2006. Marked variations were found at all soil 
layers in the three study sites in 2005 and 2006，except for 0-5 cm layer in 2005. 
TKN in site C tended to drop drastically from 2005 to 2006, while in sites A and B 
there was an increase in all the layers. 
Table 5.4 TKN (%) of the study areas in 2005 and 2006 (n=16 for all soil layers) 
Site A SiteB Site C 
Soil layer/Study year 2005 2006 2005 2006 2005 2006 
0.44 a 0.53 b 0.43 a 0.50 b 0.40' 0.36' 
(0.09) (0.13) (0.09) (0.11) (0.09) (0.08) 
0.22' 0.33 b 0.25 a 0.30 b 0.29 b 025 a 
5-15 cm (0.06) (0.08) (0.05) (0.08) (0.04) (0.04) 
0.14 ab 0.17 a 0.12' 0.20' 0.16 b 0.16 a 
15-30 cm (0.07) (0.03) (0.05) (0.09) (0.02) (0.05) 
Row means sharing the same superscript are not significantly different (p<0.05) by Duncan's multiple 
range test. 
Values in brackets represent standard deviation. 
Nitrogen was one of the most important nutrients limiting plant growth. 
Total nitrogen comprises of organic and mineral nitrogen. As expected, TKN in the 
three sites followed closely the pattern of SOM from 2003 to 2006 (Figures 5.2 and 
5.3). This was because SOM is the storehouse of TKN in unfertilized system (Au, 
2001). For the 0-5 cm and 5-15 cm layer soils, TKN ranged 0.22 - 0.53 % from 2003 
to 2006 which was medium in accordance with Landon's (1991) ranking of the 
element (Appendix 2)，and was higher than Acacia confusa plantation of similar age 
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investigated by Au (2001). 
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Figure 5.3 Soil TKN in sites A, B and C across 2003, 2005 and 2006 
In 2003，TKN in the uppermost soil layers was similar among the three sites, 
yet a decline was measured in 2005 corresponding to the decrease of SOM. The 
sharp decrease in sites B and C in 2005 could be the consequence of Acacia confusa 
removal, which interrupted the biological fixation of N by root nodules. The cause of 
drop in site A in 2005 was more complicated, involving the interplay of atmospheric 
deposition, interrupted organic matter input and nitrogen fixation, and changes in 
mineralization and leaching rates. Thereafter, TKN in sites A and B continued to 
increase in 2006. The consistently high level of TKN in site A could be explained by 
the biological fixation of nitrogen by Acacia confusa. On the other hand, although 
Acacia confusa was removed in site B，TKN further increased in 2006 because of 
greater input of SOM in the form of litter debris, faster decomposition rate and 
reduced uptake by plants. 
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5.3.4 Temporal change of exchangeable cations after clearcutting 
At the top 0-5 cm soil layer, there was an increase in exchangeable cations 
for all study sites from 2005 to 2006，being more pronounced in sites B and site C 
(Table 5.5). There was an increase in Na, Ca and Mg in the 0-5 cm and 5-15 cm soil 
layers for site A, while a minor decline in K was found at all layers. In sites B and C, 
the levels of K and Na at 0-5 cm and 5-15 cm layers tended to drop gradually 
throughout the study period, while a marked increase was detected for Ca and Mg. 
At the uppermost soil layer, significant differences in K, Na and Ca as well 
as total exchangeable cations were found in all the study sites in 2006. It appeared 
that there was a greater increase in exchangeable cations in the felled sites from 2005 
to 2006 than the uncut sites. 
Total exchangeable cations (exchangeable bases) formed an important part 
of overall soil fertility in forest. In the previous study in 2003，there was not much 
difference in exchangeable cations across the sites. However, a remarkable increase 
in the top soil was found in sites B and C in 2005 and 2006; i.e. 2 to 3 years after 
clearfelling (Table 5.6). Total exchangeable cations in site B more than doubled from 
1.32 cmol kg-i in 2003 to 2.7 cmol kg'^ in 2006, while the increase in site C was even 
more pronounced, soaring from 1.19 cmol kg] to 2.89 cmol kg"' between within the 
same period (Figure 5.4). In contrast, total exchangeable cations in site A increased 
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Figure 5.4 Total exchangeable cations in sites A, B and C across 2003, 2005 
and 2006 
The significant increase of total exchangeable cations in the felled sites 
could be the result of increased pH at the top soil layer. The availability of K, Ca and 
Mg, which made up a large proportion of the total exchangeable cations, normally 
increased as pH became neutral (Landon, 1991). A slight increment in pH might 
facilitate the release of these nutrients from the soil. At the same time, the loss of 
trees often lowered the demand for these nutrients by plants (Palviainen, Finer, 
Mannerkoski, Piirainen & Starr, 2005). Reduced uptake would probably lead to a 
flush of cations. Furthermore, increased soil temperature and moisture after 
harvesting would accelerate decomposition and, therefore, the release of cations. 
Coupled by a higher SOM content in the felled sites from 2005-2006, more cations 
were rendered available to the plants. 
5.3.5 Temporal change of available phosphorus after clearcutting 
Available phosphorus at the 0-5 cm and 5-15 cm layers increased in site A 
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and site B from 2005 to 2006 (Table 5.7). On the contrary, there was a decrease in 
available phosphorus at all soil levels in site C in the same period. In 2005, 
phosphorus ranged 1.53 mg kg'^  to 5.20 mg kg"' in site A, 1.9 mg kg"' to 4.86 mg 
kg-i in site B and 2.35 mg kg"^  to 6.11 mg kg"' in site C. Greater variation was found 
in sites A and B in 2006, averaging 1.20 to 7.52 mg kg"^  and 1.12 to 5.33 mg kg"^  
respectively. Yet, there were little changes in site C, where P varied from 1.56 mg 
kg-i to 4.81 mg kg"' only. Significant changes were only detected for the 5-15 cm 
layer in 2005 and 0-5 cm layer in 2006 in all the study sites. 
Table 5.7 P (mg kg'^) of the study sites in 2005 and 2006 (n=l 6 for all soil layers) 
Site A SiteB Site C 
Soil layer/ Study year 2005 2006 2005 2006 2005 2006 
5.20' 7.52 b 4 86 a 6 . 1 1 b 4 . 8 1 ‘ 
0-5 cm (1.17) (1.45) (1.68) (1.21) (0.57) (1.23) 
1.22' 3.98' 2.12' 3.21 ‘ 4.28^ 3.05' 
5-15 cm (0.95) (1.91) (1.62) (2.10) (1.89) (2.09) 
1.53 a I20ab 1.90 ab 1.12" 2.35^ 1.56b 
15-30 cm (0.64) (0.43) (0.25) (0.78) (1.05) (0.43) 
Row means sharing the same superscript are not significantly different (p<0.05) by Duncan's 
multiple range test. 
Values in brackets represent standard deviation. 
Since phosphorus data in 2003 were not available, comparison among the 
sites was only based on data in 2005 and 2006. Generally, the content of available P 
was very low among the sites due to its fixation by Al and Fe in the strongly acid 
soils. There was an increase in available P at the top soil layer in both sites A and B 
throughout the study period while site C experienced a consistent decline (Figure 
5.5). A number of factors could affect the availability of P in unfertilized 
environment, and these factors include plant removal, soil erosion, amount of SOM 
present, and leaching loss by rainwater (Brady & Weil, 2002). 
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Figure 5.5 Soil available phosphorus in sites A, B and C，2005-2006 
Unlike nitrogen, phosphorus clings tightly to soil particles and is less 
susceptible to leaching loss (Keenan & Kimmin，1993). Also under acidic 
environment, large amount of P should have been fixed by Al and Fe, and hence it 
was stored in the ecosystem even though it is unavailable to plants (Landon, 1991). 
Therefore, the influence from leaching might be minimal. Nevertheless, plant 
removal might retard P cycling and consequently, available P in the felled sites (4.81 
mg kg-i to 6.11 mg kg]) was consistently lower than in the uncut site (5.2 mg kg'' to 
7.52 mg kg-i). This explained why the P content in sites B and C was lower than site 
A between 2005 and 2006. 
5.3.6 Soil nutrient status after clearfelling 
Clearfelling involves the removal of entire or partial vegetation, and in this 
case the overstorey of Acacia confusa was felled to accelerate native forest recovery. 
It is indeed a common practice and is often considered necessary for the 
establishment of desirable species and a pleasant forest stand structure (Keenan & 
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Kimmin, 1993). Nevertheless, regardless of the possible benefits, disturbance to the 
forest ecosystem may cause irreversible changes to the environment, including the 
soil nutrient dynamics. 
One of the fundamental concerns of clearfelling is the accelerated nutrient 
loss immediately following the one-time soil nutrient flush. Quite a number of 
studies find the detrimental consequences to soil chemical properties, including 
decreases in pH，SOM, TKN and various forms of nutrients in post-disturbance 
period (e.g. Ludwig, Khanna, Raison & Jacobsen, 1997; Quails, Haines, Swank & 
Tyler, 2000). These findings inevitably cast doubt on the benefits and values of 
employing clearfelling as a tool to regenerate native forests. However, results 
obtained from this study express optimism towards employing clearfelling in the 
transformation of Acacia confusa woodland into native forest. First of all, removal of 
Acacia confusa, which is a prolific litter producer, reduces acid substances during 
litter decomposition that will otherwise further acidify the soil. Although 
acidification by litter is a natural process, acacia species appear to acidify soil in a 
greater extent than other native species within the same timeframe (Chau & Marafa， 
1999; Jim, 2003). Decrease in pH may not have immediate effect on the soil 
environment, but there is a long-term implication simply because it affects nearly all 
aspects of soil environment, including micro-organism activities, which in turn 
determines the rate of nutrient turnover and the growth of vegetation. 
In environment having a soil reaction pH of less than 4.5, microbial activity 
will be severely suppressed. This is because bacteria usually need a minimum pH of 
4.5 for their growth. In strongly acidic situation, the bacteria become inactive and 
some even cannot survive. Their low mobility will reduce decomposition rate of 
nutrients (N, P, K and other micronutrients) and, in return, lower the nutrient 
availability for plants. As a consequence, plants will likely suffer from nutrient 
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deficiencies. The increase in soil pH, especially in site C, suggests that possible 
changes could have occurred to the soil environment. 
Moreover, increase in SOM and TKN in site B in 2006 and their return to 
the pre-cut level clearly suggests that there is a gradual accumulation of nutrients 
after a drop in 2005. The restoration of SOM and TKN in the felled site, therefore, is 
essential to soil productivity. Of course, part of the nitrogen could have been 
replenished in fertilizer application. 
What is more, there is no remarked depletion of available phosphorus and 
exchangeable cations in the felled sites from 2005 to 2006. Nutrient retention within 
the ecosystem is partly dependent on the amount of plant uptake and assimilation 
(Prescott, 2002). It is evident that there is a flush of cations after clearfelling due to 
accelerated mineralization rate. Incidentally, there is a re-establishment and 
regeneration in both the understorey and overstorey layer (see Chapter 7). The 
elevated nutrient levels are expected to satisfy, at least partly, the rising need of these 
flourishing plants. 
In short, there are no significant detrimental effects on soil following 
clearfelling. Although the felled sites still suffer from low soil pH，the return of SOM 
and TKN to their pre-cut levels is clearly a promising sign to demonstrate the 
recovery of soil productivity. From a soil nutrient-supplying capacity point of view, 
it is safe to conclude that clearfelling is a viable tool for the transformation of exotic 
Acacia confusa woodland in Hong Kong. 
5.3.7 Importance of tree retention on nutrient cycling 
Clearfelling normally involves the removal of entire tree stands, yet in the 
present study only Acacia confusa were felled while the recruited native trees were 
preserved. The rationale behind is two-fold. First, the recruited trees shall be an 
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important component species of the native forest in future. Second, the native species 
can provide seeds to the adjacent deforested area, guarantee a seed bank, as well as 
accelerate faster forest development (Evans, 1992). 
More importantly, tree canopy, regardless of its size, determines largely the 
process of nutrient recycling by governing temperature and moisture conditions 
(Prescott，2002). Thus, the canopy controls the decomposition rate of litter and the 
amount of nutrients recycled. Retention of trees can secure a continuous litter input 
and maintain the nutrient cycling. Currently, recruited native trees were retained in 
situ whereas Acacia confusa were removed. This is practically important because in 
addition to the factors mentioned above, trees can retain nutrients on the site and 
moderate a drastic change of the environment after clearfelling. It is generally 
believed that nutrient availability will be elevated after clearcutting, consequently, it 
is highly susceptible to leaching loss if it is not immobilized or uptaken by plants. 
The flush effect of nutrients normally occurs in the first year after tree felling and 
lasts up to 3-5 years. The entire removal of overstorey will unquestionably put the 
area under high risk of nutrient losses, yet retention of trees can minimize or 
alleviate this adverse effect. 
It is so critical for trees to retain nutrients particularly during the first few 
years after felling. Felled sites are characterized by a low biomass, reduced nutrient 
uptake but faster decomposition of the residual organic matter. Theoretically, a 
considerable amount of nutrients are still available in the clearfelled site. However, 
as most available nutrients are mobile in nature, they will be leached out of the 
ecosystem unless being uptaken by plants or immobilized by soil microorganisms. 
Retained trees then play a crucial role in reducing leaching loss through uptake of the 
nutrients at this critical stage of the transformation. Several years after clearfelling, 
together with the increasing demand for nutrients by the restocked and invaded 
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native species, a tight nutrient cycle will be established. 
5.4 Summary 
From findings of the present experiment, the following conclusions can be 
drawn: 
1. Although the soils of the Acacia confusa plantations were strongly acidic in 
reaction, clearfelling resulted in an increase of pH within the first 3 years after 
clearfelling, especially in the 0-5 cm layer. 
2. SOM and TKN dropped to their lowest levels 2 years after clearfelling. 
However, they almost returned to their pre-cut levels in 2006, or 3 years after 
removal of the canopy. 
3. While available P in the uncut site continued to increase from 2005 to 2006，no 
discernible pattern was found in the clearfelled sites. 
4. There was a flush of exchangeable cations in the felled sites when compared to 
the uncut site in 2005 and 2006，being more pronounced for Ca and Mg than K 
and Na. 
5. Clearfelling the sites for three years produced no detrimental effects on the 
nutrient-supplying capacity of the soils. This was a promising sign likely 




SOIL NITROGEN FLUXES AFTER CLEARFELLING 
6.1 Introduction 
Nitrogen (N) is one of the essential macro-nutrients for plant growth. Since 
nitrogen mineralization is considered a key process in nutrient turnover, the amount 
of N present in an ecosystem often limits the establishment, development and even 
the decline of plant communities (Schaffers, 2000). For instance, N mineralization 
accounts for as much as 70-80% of N uptake by plants in the meadow ecosystems in 
the Netherlands (Berendse et al., 1994). Therefore, measuring N mineralization, 
leaching and uptake by vegetation is worthwhile in ecological research of terrestrial 
ecosystems. 
Clearfelling of exotic plantation woodland not only disrupts litter input to 
the soil but also results in changes of the forest environment. As noted in Chapter 4, 
for instance, the soil and surface temperatures were higher in the felled site than the 
uncut site in winter. The same trend is expected to occur in summer due to higher 
radiation reaching the ground of the clearfelled site. N mineralization rate can be 
sped up by higher soil temperature, resulting in a rapid turnover of the locked 
nutrients in litter, plant and animal debris. The study of N mineralization, therefore, 
is relevant to the transformation of exotic woodlands. It can shed light on the 
N-supplying capacity of the soil after clearfelling, which affects directly growth of 
the recruited and restocked species. 
Mineralization of N is the process of converting organic nitrogen in soil to 
inorganic nitrogen by microorganisms (Whitehead, 1995). Two processes are 
involved, namely ammonification and nitrification. Ammonification is the process of 
converting organic N to ammonium N (NH4-N) by heterotrophic micro-organisms, 
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while nitrification is the subsequent oxidation of ammonium to nitrate (NO3-N) by 
two groups of autotrophic bacteria, namely Nitrosomonas and Nitrobacter. As such 
NH4-N is the substrate for nitrification. Ammonium nitrogen and nitrate nitrogen are 
called mineral nitrogen (mineral N) that plants can absorb for the synthesis of amino 
acid. 
Following clearcutting, there will be drastic changes to the environment. 
The resulted warmer and wetter conditions of a clearcut environment would 
accelerate faster decomposition and mineralization of the residual organic matter 
(Piiraninen, Finer, Mannerkoski & Starr, 2002; Prescott, 1997). Mineralization can 
be affected by a wide range of factors, including soil pH，moisture, temperature, 
organic matter, texture, aeration and substrate availability (Frazer, Mccoll & Powers, 
1990). Disturbance, such as clearfelling, can result in higher mineralization rate and 
thus the availability of mineral nitrogen although the time of occurrence after harvest 
can vary among ecosystems. 
However, studies also reveal that decomposition and N mineralization in 
clearcut sites can be faster, slower or the same as the uncut forests, depending on 
changes in temperature and moisture (Yin, Perry & Dixon.’ 1989). While major 
efforts have been put on studying the effect of clearcutting on N mineralization in 
soils in the temperate regions (e.g. Frazer et al.’ 1990; Iseman et al., 1999), little is 
known about its characteristics in the subtropical to tropical soils. How will 
clearfelling of the Acacia confusa in Tai Lam Country Park affect the short-term 
changes in soil N mineralization? Is there any discernible pattern of N mineralization 
1-3 years (15 to 33 months) after harvest? Will N mineralization vary seasonally? 
Presott (1997) found that sudden increase in N mineralization would induce 
great loss of the element from forest ecosystem if it was not biologically 
immobilized or uptaken by plants. Leaching of ammonium and nitrate would lead to 
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depletion of available N in the ecosystem, which would cause decline in nutrient 
budget and affect forest regrowth. Will there be any differences in N leaching 
between the clearfelled and uncut sites? 
Plant uptake of N is closely related to mineralization and leaching rates. It 
is found that uptake will decrease after removal of the overstorey. What will be the 
interactions between plant uptake, leaching and mineralization of nitrogen? How will 
N mineralization affect the recovery of native species after clearfelling? 
The present experiment investigated N mineralization in both the cut (site B) 
and uncut (site A) sites in Tai Lam Country Park. There were two cut sites in the 
present study, namely B and C. As site B was clearfelled in April 2003 (8 months 
earlier than site C), it was chosen for the present experiment. Findings obtained from 
this experiment will provide answers to the following questions. 
1 . Do NH4-N and NO3-N differ between the soils in the uncut and cut sites? 
2. How will ammonification and nitrification vary between the cut and uncut sites? 
Will N mineralization rate differ between the cut and uncut sites and, if yes, by 
what magnitude? 
3. Will clearfelling accelerate the leaching loss of mineral nitrogen? 
4. How will clearfelling affect the uptake of mineral nitrogen from the soils? 
5. Will clearfelling inflict a nitrogen deficit in the soil? 
6. Is clearfelling harmful to the transformation of exotic woodlands into native 
forests? 
6.2 Materials and methods 
This section describes the field sampling methods and laboratory analysis 
of N mineralization, including details on the calculation of net N mineralization, 
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leaching loss and uptake rates. The choice of field sampling methods is also 
reviewed. 
6.2.1 In situ core incubation 
Several methods have been employed to estimate the availability of N in 
soil under different conditions. They include laboratory incubations, field 
incubations and '^N methods (Binkley & Hart，1989). Of the above methods, field 
incubation using aluminum cores in situ has been chosen for this study. 
In situ core incubation has some potential advantages over the other 
methods. While laboratory incubation of N can increase or decrease N mineralization 
rate through sieving and drying of the soil, field incubation appears to be a better 
option to reflect the actual amount of N mineralized (Raison, Connell & Khairia， 
1987). Moreover, in situ core incubation is more reliable in the measurement of N 
mineralization for a wider range of forest soils (Nadelhoffer, Aber & Melillo，1985). 
The application of undisturbed cores also minimizes the contribution from microbial 
biomass and litter, and interruption from plant uptake (Raison et al.’ 1987). By 
simply inserting a set of 4 aluminum cores into the soil at the beginning and at the 
end of the incubation period, N mineralization, leaching and plant uptake of N can be 
calculated. In short, it is a relatively versatile method that is inexpensive. 
6.2.2 Sampling method 
To compare the temporal variation of N fluxes in uncut and felled 
environment in Acacia confusa plantation, soil cores were incubated at 3-month 
intervals from 2004-05 in sites A and B. The study covered two summer months 
(June 2004 and 2005), two early autumn months (September 2004 and 2005), two 
winter months (December 2004 and 2005) and one spring month (March 2005). 
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Each incubation cycle lasted for 14 days and details of the incubation arrangement 
are shown in Table 6.1. 
Table 6.1 Incubation arrangements for N mineralization, 2004-05 
Incubation period Incubation duration 
June, 2004 14 days 
September, 2004 14 days 
December, 2004 14 days 
March, 2005 14 days 
June, 2005 14 days 
September, 2005 14 days 
December, 2005 14 days 
Note: Number of replicates is 20 per site in each incubation cycle. 
The incubation points were determined by systematic sampling to allow 
sufficient representation of the study sites. Two line transects were earmarked in 
each site for this purpose. To minimize any possible errors that might arise from edge 
effect, each transect had a buffer of at least 2 m from edge of the plantation. Ten 
sampling points were selected systematically at 8-m intervals along each transect. 
There were a total of 20 sampling points in each site. 
Aluminum cores, measuring 5 cm in diameter and 15 cm in length, were 
used in the study of N mineralization, in accordance with procedures described by 
Raison et al (1987). Only the top 10-cm soil was examined in this study because 
more than half of the N mineralization in forests is produced at this level (Binkley & 
Hart, 1989). Soil samples were taken at depth of 0-10 cm at the start of each 
incubation cycle (Tl). Two aluminum cores, one with an open end and the other 
covered by plastic tape impermeable to water, were inserted into the 0-10 cm layer of 
the soil and left in situ for a period of 2 weeks. These cores, therefore, stood 5 cm 
above the ground. The plastic tape was introduced to prevent leaching in the metal 
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core so that paired comparison could be made against the uncovered core. At the end 
of each incubation cycle, a new soil sample (T2), together with the previously 
inserted open (02) and covered cores (C2) would be retrieved. All the samples were 
returned to the laboratory immediately and stored in the refrigerator at 4 � C . After 
passing through a 0.5 mm sieve, the fresh samples were extracted for the 
colorimetric determination of mineral nitrogen (NH4-N and NO3-N). 
6.2.3 Laboratory analysis of mineral N 
Mineral nitrogen was determined in accordance with the extraction method 
described by Anderson and Ingram (1993). 10 g of 0.5-mm fresh soil was extracted 
with 1.9M potassium chloride on a ping-pong shaker for 1 hour. The extracts were 
filtered through Whatman 5 filter paper and mineral nitrogen was determined by 
flow injection analysis (FIA). 
In the determination of NH4-N, the filtrates were passed through a carrier 
stream of 1.9M potassium chloride and O.IM sodium hydroxide. The mixture was 
then passed a membrane in a gas diffusion cell, and ammonia gas would diffuse into 
a stream of ammonia indicator solution. NH4-N was detected colorimetrically at 
wavelength of 590 nm. 
For NO3-N, the filtrates were brought into a carrier stream of O.IM 
ammonium chloride and 2M potassium chloride. The nitrate was then reduced to 
nitrite when passing through a cadmium reducer. NO3-N was detected 
colorimetrically at wavelength of 540 nm when acidic sulphanilamide and 
N-(l -Naphtyl)-ethylenediamine dihydrochloride were added from another stream. 
6.2.4 Calculation of N mineralization, leaching and uptake 
N mineralization, leaching and uptake were calculated in accordance with 
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the formulae provided by Debosz and Vinther (1989). The values calculated 
represented the mean of the 20 soil samples in each incubation cycle and were 
expressed as ug g"^  day"'. The following equations explain how the mineralization 
rate, leaching and uptake were calculated (Debosz & Vinther, 1989). 
*Net N mineralization 
ANH4 
=net ammonification during incubation 
=NH4 (c2) -NH4 (Tl) 
ANO3 
=net nitrification during incubation 
=NO3 (c2)- NO3 (Tl) 
Nmin 
=net mineralization during incubation 
= A N H 4 + A N 0 3 
where: NH4 (ti) and N 0 3 ( t i ) are the NH4 and NO3 contents of bulk soil at the start (Time 0) 
of the incubation period. NH4 (c2) and NO3 (e2) are the NH4 and NO3 content of the covered 
(c2) soil at the end (Time 1) of the incubation period. 
* Leaching of N 
NH4ieaching 
=leaching of ammonium during incubation 
= NH4 (c2)-NH4 (O2) 
NOsieaching 
=leaching of nitrate during incubation 
=NO3 (c2)- NO3 (o2) 
N leaching 
=leaching of mineral nitrogen during incubation 
=NH4ieaching+N03ieaching 
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where: NH4 (�2) and NO3 (c2) are the NH4 and NO3 contents of the covered (c2) s o i l at the end 
(Time 1) if the incubation period. NH4(o2) and NO3 (02) are the NH4 and NO3 content of the 
open (o2) soil at the end (Time 1) of the incubation period. 
*Uptake of N by vegetation 
Nuptake 
=(Nmin) - (Asoil mineral N pool) - (losses) 
=[N(C2) - N (Ti)]- [N (t2)- N (T1)]- (losses) 
= N ( C 2 ) - N (J2) - (losses) 
where: N(c2) is the mineral N content of the covered (c2) cores at the end of the incubation 
period (Time 1)，and N (丁1) and N (t2) are the mineral N contents of bulk soil at the beginning 
(Time 0) and end (Time 1)，respectively, of the incubation period. Losses are the changes in 
soil mineral N content resulting from either leaching or denitrification. Denitrification is 
assumed zero unless independent measurements indicate otherwise, and leaching is zero in 
covered (c) cores but maximal in open (o) cores. As leaching = N(c2) -N (02)，Nuptake can be 
simplified as follows: 
Nuptake 
=[N(c2) —N (t2)- (losses) 
=N(C2) -N (T2) - [N(C2) — N (02)] 
=N(O2) -N (T2) 
To sum up the above, uptake of NH4, NO3 and total mineral N are estimated in the 
following equations: 
NH4uptake 
=uptake of NH4 during incubation 
=NH4 (o2) -NH4 (T2) 
NOsuptake 
=uptake of NO3 during incubation 
=NO3 (02)- NO3 (T2) 
Nuptake 
二uptake of mineral nitrogen during incubation 
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= N H 4 u p t a k e + NOsuptake 
where: NH4 (02) and NO3 (02) are the NH4 and NO3 contents of the open (o2) soil at the end 
(Time 1) of the incubation period. NH4(t2) and NO3 (72) are the NH4 and NO3 contents of bulk 
soil at the end (Time 1) of the incubation period. 
6.2.5 Statistical analysis 
Statistical package SPSS (for Windows) experiment was employed for the 
statistical analysis of the data. As the main purpose of this was to compare nitrogen 
fluxes before and after clearfelling, Independent-samples T test was employed to 
find out if there were any significant differences between site A (uncut) and site B 
(cut) in N mineralization (ammonification and nitrification). A few negative values 
were obtained throughout the experiment and according to Nadelhoffer et al. (1985), 
they were of no biological meaning. Because of this, pooled data were used for the 
calculation of ammonification, nitrification and mineralization rates (ug g] day'') for 
easy comparison with other studies. Accordingly, these parameters were discussed in 
the results section using descriptive statistics. 
6.3 Results and discussion 
In this experiment, site B was clearfelled in April 2003 and when the first 
incubation cycle was initiated in June 2004，there was already a lapse of 15 months 
after clearfelling. The last incubation cycle of December 2005 represented a lapse of 
33 months after clearfelling. Thus, the ensuing paragraphs describe N mineralization, 
leaching and uptake after site B had been clearfelled for 15-33 months. The results 
were compared with that of the uncut site, where appropriate. 
6.3.1 Seasonal variation of NH4-N and NO3-N 
Ammonification and nitrification were detected in site a (uncut) and site B 
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(cut) throughout the study period. Pronounced seasonal variations were found for 
both processes. In the uncut site, for instance, ammonification fluctuated from a 
minimum of 0.40 ug g"^  in September 2004 to a maximum of 2.64 ug g"^  in June 
2004 (Table 6.2). The corresponding values for the cut site was 0.50 ug g] in 
December 2005 and 3.31 ug g"' in September 2005. Thus, greater fluctuations in 
ammonification were detected in the cut site than the uncut site. This is expected 
because of a greater and possibly non-uniform change in the forest environment after 
clearfelling. Indeed, the soil temperature recorded at 10-cm depth for site A between 
December 2005 and March 2006 averaged 16.1°C，with a narrow range of 0.4�C only. � 
The mean soil temperature for site B was 18.7 during the same period of time 
while the range value had increased to 2°C (see Chapter 4). As to the seasonal 
pattern of ammonification, no discernible pattern was found in the uncut site. In the , 
！ 
cut site, however, ammonification was consistently high in September (2.47-3.31 ug 
g-i) but low in December (0.50-1.54 ug g"'). 
I' 
Table 6.2 Seasonal changes of NH4-N and NO3-N (n=20) 
NH4-N (ug g-i) NO3-N (ug g-i) 
Site A Site B T-test Site A Site B T-test 
Mean Mean Mean Mean 
Jun 2004 2.64 (0.62) 1.84(0.60) ** 0.74 (0.31) 1.09(0.37) * 
Sep 2004 0.40 (0.50) 2.47 (0.69) ** 1.01 (0.27) 0.81 (0.30) * 
Dec 2004 1.32(0.56) 1.54 (0.81) NS 1.68 (0.35) 0.99 (0.52) * 
Mar 2005 1.42 (0.68) 2.43 (0.58) ** 1.91 (0.44) 1.96 (0.35) NS 
Jun 2005 0.65 (0.28) 1.09(0.47) ** 1.55 (0.30) 1.47 (0.45) NS 
Sep 2005 0.98 (0.37) 3.31 (0.87) ** 1.82 (0.21) 1.13 (0.62) ** 
Dec 2005 1.06(0.29) 0.50 (0.21) ** 1.07(0.33) 1.05 (0.43) NS 
Mean 1.21 1.88 1.40 1.21 
S i g n i f i c a n c e l e v e l at *p<0.05; • * j 9 < 0 . 0 1 ; N S : N o t s i g n i f i c a n t . 
V a l u e s i n b r a c k e t s r e p r e s e n t the s t a n d a r d d e v i a t i o n . 
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Among the 7 cycles of incubation, ammonification in site B was 
significantly higher than site A on four occasions compared to two only when a 
reverse trend was found (Table 6.2). The only similarity in ammonification between 
the two sites occurred in December 2004. Within the study period of 18 months, 
ammonification in site B averaged 1.88 ug g.�compared to 1.21 ug g"^  for site A. 
This clearly showed that clearfelling resulted in higher turnover of ammonium 
nitrogen than the uncut site. This is probably caused by inter alia a higher soil 
temperature and more litter debris in the clearfelled site, which benefit growth of the 
ammonifiers. The most vigorous ammonification activity was detected in late 
summer to autumn; i.e. September of 2004 and 2005. It is possible that too high a 
soil temperature in summer together with other constraints may suppress 
ammonification in the clearfelled site. This warrants further research. 
Pronounced variations were also detected in nitrification. In the uncut site, 
nitrification ranged from a minimum of 0.74 ug g'' in June 2004 to a maximum of 
1,91 ug g-i in March 2005 (Table 6.2). The corresponding values for the cut site were 
0.81 ug g-i in September 2004 and 1.96 ug g"^  in March 2005. Mean nitrification was 
higher in the uncut site (1.40 ug g"^ ) than the cut site (1.21 ug g"' ) during the study 
period while the reverse was true for ammonification. Clearfelling, therefore, seemed 
to benefit the ammonifiers more than the nitrifiers in the soil. Although NH4-N is the 
substrate for NO3-N, this relationship cannot be established from the existing data set 
probably due to the fact that incubation had been conducted at 3-month intervals. 
The lapse of time might be too long for us to detect this possible relationship. 
At the seasonal level, the trend of nitrification was less conspicuous than 
ammonification. Among the 7 cycles of incubation, there were no significant 
differences on three occasions (March, June and December 2005). In the remaining 
incubation cycles, nitrification in site A surpassed site B in September, December 
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2004 and September 2005 while the reverse was true for the incubation in June 2004. 
It is thus fairly safe to surmise that clearfelling exerted a more significant effect on 
ammonification than nitrification. 
6.3.2 Net ammonification, NH4-N leaching and NH4-N uptake 
Net ammonification and immobilization of NH4-N were observed in the 
two study sites (Table 6.3). The season of occurrence for these two processes was 
quite similar between the sites, although the magnitude was different. Net 
ammonification averaged 0.04-0.54 ug g'^  day'^ in the uncut site and 0.02-0.72 ug g"^  
day"' in the cut site, without any seasonal trend. In the uncut site, net ammonification 
was higher in September 2004 (0.54 ug g] day]) and December 2005 (0.39 ug g ' � . 
After clearfelling, the highest net ammonification occurred in December 2005 (0.72 
ug g'day"'). 
Table 6.3 Net ammonification, NH4-N leaching and NH4-N uptake 
Net ammonification (ug g"^  . . 
, - K Leaching (ug g day ) Uptake (ug g"' day'') 
day ) 
Site A SiteB Site A SiteB Site A Site B 
Jun 2004 -2.15 -1.06 -0.05 0.15 -0.26 -0.51 
Sep 2004 0.54 0.02 0.97 0.40 0.05 -0.10 
Dec 2004 0.05 -0.13 -0.16 -0.10 0.17 -0.48 
Mar 2005 -0.35 -0.19 0.11 0.19 0.03 0.31 
Jun 2005 0.04 0.10 -0.12 -0.40 -0.12 0.17 
Sep 2005 -0.25 -1.04 0.20 0.71 0.11 -0.41 
Dec 2005 0.39 0 J 2 0.05 0.32 0.69 -0.37 
N o t e : N e g a t i v e v a l u e s f o r net a m m o n i f i c a t i o n d e n o t e i m m o b i l i z a t i o n , b u t that o f l e a c h i n g a n d u p t a k e 
h a v e n o b i o l o g i c a l m e a n i n g a c c o r d i n g to N a d e l h o f f e r , A b e r a n d M e l i l l o ( 1 9 8 4 ) . 
Immobilization occurred on 3 occasions in the uncut site (-0.25 to -2.15 ug 
g-i day-i) and 4 occasions in the clearfelled site (-0.13 to -1.06 ug g] day]). Strong 
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immobilization was detected in June 2004, being higher in site A than site B. 
Immobilization of NH4-N by soil micro-organisms commonly occurs in the hill soils 
of Hong Kong; it is a mechanism for the preservation of available N from 
fire-affected ecosystem (Marafa, 1998). Overall, the highest net ammonification rate 
was recorded in the clearfelled site (December 2005) and the highest immobilization 
rate in the uncut site (June 2004). It is, however, premature to conclude that 
clearfelling promotes ammonification at the expense of immobilization. If leaching 
loss is a concern after clearfelling, immobilization in site B can perhaps be viewed as 
a mechanism for N preservation in the local ecosystem. 
NH4-N is mobile and susceptible to leaching, especially critical under high 
rainfall conditions. The negative values in Table 6.3 concerning the leaching of 
ammonium nitrogen have no biological meaning according to Nadelhoffer et al. 
(1985). Leaching was detected in both sites, averaging 0.05-0.97 ug g] day"' in site 
A and 0.15-0.71 ug g"^  day'^ in site B. Overall, higher leaching rates were recorded in 
September than in other months. There are two implications related to this finding. 
First, although September coincides with end of the rainy season in Hong Kong, 
there are still occasional heavy rains (Appendix 3). Second, the leaching loss of 
NH4-N from the clearfelled site in June, one of the rainiest months in Hong Kong, is 
not necessary a concern. Indeed, the leaching loss recorded from the cut site was 
lowest in June 2004 (0.15 ug g"^  day"^). 
The uptake of NH4-N by vegetation fluctuated greatly with seasons and 
sites. The uncut site A contained more mature trees than the clearfelled site B that 
was dominated by recruited and newly restocked species. In site A, the uptake of 
NH4-N ranged from a minimum of 0.03 ug g'^  day"^  in March 2005 to a maximum of 
0.69 ug g-i day-i in December 2005. The corresponding values for site B were 0.17 
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ug g-iday-1 in June 2005 and 0.31 ug g"'day"^ in March 2005. For reasons unknown, 
uptake was more unpredictable in site B than site A. 
6.3.3 Net nitrification, NO3-N leaching and NO3-N uptake 
Net nitrification was detected in both sites except in December 2004 in site 
A, where there was immobilization of NO3-N (Table 6.4). Overall, net nitrification 
was consistently higher than net ammonification and the immobilization of NO3-N 
by microorganisms was rarer than NH4-N. In the uncut site, net nitrification averaged 
0.04-2.04 ug g]day-i compared to 0.23-2.32 ug g''day'' for the clearfelled site. Net 
nitrification rate was higher in June and September than rest of the months in both 
sites. Clearfelling seemed to yield higher nitrification rate in December 2004 and 
2005. Overall, clearfelling had no adverse effects on net nitrification of the soil 
compared to the control site. 
Table 6.4 Temporal change of net nitrification, NO3-N leaching and NO3-N uptake 
between site A and site B for the study period 
Net nitrification (ug g"' . , , , 
, - 1 � Leaching (ug g" day" ) Uptake (ug g" day'') 
day ) 
Site A SiteB Site A SiteB Site A Site B 
Jun 2004 2.04 1.15 0.70 0.76 0.12 0.05 
Sep 2004 1.25 1.79 0.96 0.86 0.18 0.49 
Dec 2004 -0.05 0.19 0.23 0.15 -0.06 -0.11 
Mar 2005 0.54 0.23 0.22 -0.46 0.26 0.74 
Jun 2005 0.83 0.62 0.53 -0.17 0.18 0.42 
Sep 2005 1.70 2.32 0.75 0.90 0.75 0.68 
Dec 2005 0.04 0£3 0.13 0.25 0.15 -0.14 
N o t e : N e g a t i v e v a l u e s f o r n e t n i t r i f i c a t i o n d e n o t e i m m o b i l i z a t i o n , b u t that o f l e a c h i n g a n d u p t a k e 
h a v e n o b i o l o g i c a l m e a n i n g a c c o r d i n g to N a d e l h o f f e r , A b e r a n d M e l i l l o ( 1 9 8 4 ) . 
NO3-N is also susceptible to leaching. In the present study, the leaching of 
NO3 - N was more frequently detected than that of NH4-N in both sites. In the uncut 
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site, leaching was detected in all the seven incubation cycles, averaging from a 
minimum of 0.13 ug g'' day"' in December 2005 to a maximum of 0.96 ug g] day'' 
in September 2004 (Table 6.4). In contrast, leaching from the clearfelled site was 
only detected in five out of the seven incubation cycles, averaging from a minimum 
of 0.15 ug g-'day-i in December 2004 to a maximum of 0.90 ug g'May'^ in 
September 2005. It is thus clear that leaching of NO3-N was higher in summer and 
early autumn than spring and winter, a pattern similar to the leaching of NH4-N. 
Again, clearfelling Acacia confusa had not accelerated the leaching loss of NO3-N 
compared to the uncut site. 
The uptake of NO3-N fluctuated with seasons and sites (Table 6.4). It 
averaged 0.12-0.75 ug g'May'^ in the uncut site compared to 0.05-0.74 ug g'May'^ in 
the clearfelled site. Uptake seemed to be higher in September and March than rest of 
the seasons in the uncut site. A similar trend was also found for the clearfelled site, 
with comparable magnitude of uptake. The uptake of nitrate in June was relatively 
low notwithstanding the high net nitrification rate. This was because of the high 
leaching loss in the same month (Table 6.4). If there is a lack of NO3-N in June, this 
can easily be replenished through fertilizer addition. In this connection, slow-release 
ammoniacal fertilizer is preferred to the fast-release fertilizer. 
6.3.4 Net mineralization, leaching and uptake 
Net N mineralization dominated all the incubation cycles, except June 2004 
when immobilization was detected in the uncut site (Table 6.5). It was caused by the 
strong immobilization of NH4-N rather than NO3-N in that month (see Tables 6.3 & 
6.4). Nevertheless, net N mineralization fluctuated greatly with seasons, averaging 
0.00-1.79 ug g-iday-i in site A and 0.10-1.81 ug gMay ' in site B. Peak N 
mineralization occurred mainly in autumn and summer but was less consistent in 
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winter and spring (Figure 6.1). For instance, N mineralization recorded in December 
2004 averaged only 0.00-0.06 ug g'May'^ in both sites in December 2004. The 
corresponding values in December 2005 were 0.42-0.95 ug g'May"'. This is expected 
because of the warmer and moister environment in summer (e.g. June 2005). As 
autumn is a transitional stage between the wet and dry seasons, alternate wetting and 
drying of the soil also favors N mineralization (Lapointe, Bradley & Shipley, 2005). 
Net mineralization between site A and site B 
- - • - S i t e A (Uncut) 
2 . 0 0 「 + S i t e B ( C u t ) 
之 0.00 1 丨 ‘ ‘ ‘ 
。明 L Jun Sep Dec Mar Jun Sep Dec 
-_ 2004 2004 2004 2005 2005 2005 2005 
Time 
Figure 6.1 Net mineralization between site A and site B 
Although the trend of N mineralization was comparable between the cut 
and uncut sites, site B recorded a mean value of 0.71 ug g"May"\ which was 
marginally higher than the value of 0.66 ug g'May'^ for site A (Table 6.5). This 
clearly shows that in the transformation of exotic woodland, clearfelling operation 
had no negative effects on N mineralization of the soil when compared to the uncut 
site. What are the mechanisms involved? 
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Table 6.5 Temporal change of net N mineralization, leaching and uptake 
Net mineralization Leaching Uptake 
(ug g-i day-i) (ug g'^  day'') (ug g ] d a y - � 
Site A SiteB Site A SiteB Site A Site B 
Jun 2004 -0.12 0.10 0.65 0.91 0.00 0.00 
Sep 2004 1.79 1.81 1.93 1.26 0.23 0.38 
Dec 2004 0.00 0.06 0.07 0.05 0.11 0.00 
Mar 2005 0.20 0.04 0.34 0.00 0.29 1.05 
Jun 2005 0.87 0.72 0.40 0.00 0.07 0.59 ’ 
Sep 2005 1.44 1.28 0.95 1.62 0.86 0.27 
Dec 2005 0.42 0.95 0.18 0.57 0.84 0.00 
Mean 0.66 0.71 0.65 0.63 0.34 0.33 
Cumulative 
amount (ug g"') 64.60 69.21 63.22 61.64 33.63 32.14 
per 98 days 
Note: Negative value in net mineralization denotes immobilization. 
Nitrogen mineralization rate of a forest ecosystem is dependent on internal 
factor such as availability of organic matter, and external factor such as clearfelling 
(Frazer et al., 1990; Whitehead, 1995). The elevated N mineralization in site B was 
probably caused by the alteration of environmental conditions after clearfelling, 
including a rise in radiation balance and reduction in transpiration losses. These two 
processes would lead to increases in temperature and moisture of the air and soil 
(Keenan & Kimmins，1993)，which would favor microbial activities and lead to 
faster decomposition and nutrient release from decaying residual organic matter. 
Hence, the warmer and moister conditions accelerate faster N mineralization in 
clearcut site (Choonsig et al., 1995). Furthermore, there is an additional woody 
residual from the felled overstorey to the forest floor. Other factors being equal, a 
larger amount of nitrogen will be mineralized from a bigger pool of organic matter 
(Frazer et al., 1990). The effect of elevated SOM has also been addressed in Chapter 
5. 
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Throughout the study period of 98 days, a total of 69.21 ug g] inorganic 
nitrogen (NH4-N + NO3-N) was produced from the mineralization of soil organic 
matter in the clearfelled site compared to the total of 64.60 ug g"^  in the uncut site 
(Table 6.5). This is expected because of the higher mean N mineralization rate in site 
B than site A. This finding further confirms that N-supplying capacity of the soil 
after clearfelling was not affected. Instead, there was an increase of 7% mineral 
nitrogen in the soil of the clearfelled site (Figure 6.2). Both the recruited tree species 
and restocked vegetation can benefit from the increased availability of mineral 
nitrogen. 
Cumulative N mineralization between site A and site B during 
incubation period 
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—_ 8 0 . 0 0 � " • " S i t e B (Cut) 
Z I 60.00 -
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Figure 6.2 Cumulative N mineralization between site A and site B 
In the temperature regions, N mineralization rate also increases after forest 
cutting due to increased temperature and moisture (Prescott, 1997; Vitousek, 1985) 
and this positive effect can last as long as 17 years (Frazer et al., 1990). In the 
tropical region, mineralization rate increases shortly after felling, similar to the 
temperate region. However, the effect is usually short-lived so that mineralization 
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rate will return to pre-cut level within several months of time (Matson, Vitousek, 
Ewel & Robertson，1987). The design of the present experiment did not permit us to 
investigate how long the increase in N mineralization would last after clearfelling. 
However, the findings clearly show that the positive effect is still evident 33 months 
after clearfelling. 
One major concern of clearfelling is accelerated leaching loss of nutrients 
from the ecosystem after removal of the vegetation. It is true that more mineral 
nitrogen was leached from the soil during the wetter months of June and September 
than the drier months of March and December (Table 6.5; Figure 6.3). However, 
both the mean leaching rate and cumulative leaching loss of mineral nitrogen were 
similar between the two sites. For instance, a total of 61.64 ug g'^  mineral nitrogen 
was leached from the clearfelled site compared to 63.22 ug g] from the uncut site 
during the study period. This finding differs from those obtained in the temperate 
regions where leaching loss is higher after clearfelling due to increased N 
mineralization rate (Iseman, Zak, Holmes & Merrill, 1999; Piiraninen, Finer, 
Mannerkoski, & Starr, 2002). The loss is most severe immediately and during the 
first year following harvest, and this effect can last for 2-3 years in the clearcut site 
(Bormann & Liken, 1994). 
There are no easy answers to account for the disparity of results. Since 
leaching loss in the current study mainly came from NO3-N，the relatively low 
leaching rate in site B was probably caused by a drop in nitrification from winter 
2004 to summer 2005. Indeed, the leaching loss of mineral nitrogen followed closely 
the trend of net mineralization, both in season of occurrence and magnitude (Table 
6.5). This can be illustrated by the incubation in September 2004, when net 
mineralization rate and leaching loss peaked in the study. A similar trend was 
repeated in September 2005 though less conspicuous in other seasons when 
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mineralization activity was less active. Thus, the leaching loss of mineral nitrogen 
from the ecosystem could be concentration dependent. This is, however, not the 
scope of the present study. 
Leaching of N between site A and site B 
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Figure 6.3 Leaching of N between site A and site B 
There are two implications related to the similarity in leaching loss of 
mineral N between the two sites. First, leaching loss from the clearfelled site could 
have been minimized by the vigorously growing recruited species, restocked 
vegetation and invading weeds. Indeed, the recruited species grew faster in the 
clearcut site than their counterparts in the uncut site (see Chapter 7). Second, the 
aging Acacia confusa is likely ineffective in controlling the leaching loss of mineral 
nitrogen. 
The uptake of mineral nitrogen fluctuated greatly with seasons, averaging 
0.00-0.86 ug g-i d a / i in site A and 0.00-1.05 ug d a / in site B (Table 6.5, Figure 
6.4). In the uncut site, N uptake occurred throughout the year, except in June 2004 
and 2005. Peak uptake coincided with September and December when the ambient 
temperatures were less extreme in Hong Kong. A different pattern was found for the 
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clearfelled site, where peak uptake was detected in March 2005 (1.05 ug g] day」） 
and followed by considerable uptake in June 2005 (0.59 ug g] day'^). The rate 
continued to decline after the peak at March 2005. No uptake of N was recorded on 
three incubation cycles from the cut site compared to one only from the uncut site. 
Uptake of N between site A and site B 
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Figure 6.4 Uptake of N between site A and site B across the study year 
Despite the different seasonal pattern of N uptake, mean uptake rate was 
almost the same between the two sites (0.34 ug g] day] for site A and 0.33 ug g"' 
day-i for site B) throughout the study period. This finding is further substantiated by 
a similar trend in the cumulative uptake of 33.63 ug g"^  day"^ for the cut site and 
32.14 ug g-i day-i for the uncut site (Table 6.5). Thus, clearfelling had altered the 
seasonal pattern but not the cumulative uptake pattern of nitrogen when compared to 
the uncut site. 
6.3.5 Mineral nitrogen budget 
The mineral nitrogen of NH4-N and NO3-N is either absorbed by plant, leached 
by rainwater, volatilized or adsorbed on exchange sites of mineral colloid. Table 6.6 
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summarizes the mineral budget of the clearfelled site and uncut site during the 
98-day incubation period. In this table, the N budget was obtained by subtracting 
cumulative leaching and uptake from the total amount of nitrogen mineralized within 
the study period. There was a deficit of mineral N in both sites, being higher in the 
uncut site (-32.25 ug g ' � t h a n the clearfelled site (-24.57 ug g'^). 
Table 6.6 Mineral budget of the two sites, June 2Q04-December 2005 (98 days) 
Site A Site B 
Cumulative N mineralization, ug 64.60 69.21 
Cumulative leaching loss of N, ug g-i(2)* 63.22 61.64 
Cumulative uptake of N，ug g^ (3)* 33.63 32.14 
Mineral N balance, ug {l-(2+3)} -32.25 -24.57 
Note: • Values derived from Table 6.5 
There are at least two implications in this finding. First, more nitrogen may 
be required in the uncut site dominated by mature trees compared to the clearfelled 
site dominated by younger trees. Second, as this is not truly a nitrogen budget of the 
soil ecosystem, the deficit can be compensated by other sources, such as nitrogen 
fixation of legumes (site A) and free living bacteria, wet and dry deposition from the 
atmosphere, dungs of feral cattle, as well as from the soil pool. Indeed, the inorganic 
pool of nitrogen in the soil is quite substantial (Table 6.2) due to prolonged growth of 
the overstorey legume. As a corollary, nitrogen-supplying capacity of the soil is 
unlikely a problem in the transformation of exotic plantation previously dominated 
hy Acacia confusa. Any deficit in mineral nitrogen capital can easily be compensated 
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by large reserve of organic matter and TKN in the soil. 
6.4 Summary 
From the findings of the present experiment, the following conclusions can be 
summarized. 
1. Greater fluctuations in NH4-N were detected from the soil of the cut site 
(0.5-3.31 ug g-i) than the uncut site (0.4-2.64 ug g''). Clearfelling resulted in a 
higher turnover of NH4-N in soil (1.88 ug g'') than the uncut site (1.21 ug g"'). 
The reverse was true for NO3-N, which was on the average higher in the uncut 
site (1.40 ug g-i) than the cut site (1.21 ug g]). Thus, clearfelling seemed to 
benefit the ammonifiers more than the nitrifiers. 
2. Net ammonification averaged 0.04-0.54 ug in the uncut site and 
0.02-0.72 ug g'May-i in the cut site, without any seasonal trend. The 
corresponding values for net nitrification were 0.04-2.04 ug g'May'' and 
0.23-2.32 ug g-iday-i. Net N mineralization was marginally higher in the 
clearfelled site (0.71 ug g'May"') than the uncut site (0.66 ug g'May"') due to 
increased soil temperature and higher litter debris. 
3. Leaching of NH4-N and NO3-N was almost identical between the sites, averaging 
0.65 ug g-iday-i for site A and 0.63 ug g'May"^ for site B. The total leaching loss 
of mineral N during the study period amounted to 63.22 ug g"^  for the uncut site 
and 61.64 ug g'^  for the cut site. Clearfelling, therefore, had not accelerated the 
leaching loss of mineral N. 
4. Clearfelling had altered the seasonal uptake pattern of mineral N but not the 
cumulative uptake compared to the uncut site. 
5. The deficit of mineral N during the 98-day incubation period was higher for the 
uncut site (-32.35 ug g'^) than the cut site (-24.57 ug g" )^. This deficit is likely 
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compensated by inputs from nitrogen fixation, atmosphere, cow dungs and 
reserves in the soil. 
6. N-supplying capacity of the soil is unlikely a problem in the transformation of 
exotic woodland plantation previously dominated by Acacia confusa. 
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CHAPTER 7 
GROWTH PERFORMANCE OF RECRUITED TREES AND 
RESTOCKED SPECIES AFTER CLEARFELLING 
7.1 Introduction 
Clearcutting has been criticized for its harmful ecological effects on plant 
species (Schafer & Molvar，2004)，yet careful thinning is necessary to promote early 
succession of forest establishment. Indeed, regular clearcutting followed by natural 
or artificial regeneration has been employed with success in Europe for over hundred 
years (Keenan & Kimmins, 1993). However, despite of the benefits, the detrimental 
effect of clearfelling on plant succession certainly could not be overlooked. 
Clearfelling or partial cutting has been used to promote native forest 
re-establishment (Heitzman, 2003; Thompson et al., 2003). Vegetation regeneration 
and recover by artificial means to the pre-cut level after disturbance mark the success 
of forest rehabilitation. Although clearfelling is likely to cause extreme 
microclimatic conditions due to canopy removal which may lead to low survival of 
plants (Holgen & Hanell，2000; Keenan & Kimmins, 1993), its compelling effect on 
plant growth is recognized (Otsamo, 1998). Without the protection of overstorey, 
predation tends to become more serious and would impair particularly the growth of 
seedling (Castro, Zamora, Gomez & Aparicio, 2004). 
While result is not transferable from foreign countries, what will happen if 
exotic plantation is felled in Hong Kong for the betterment of native plants? To give 
a better picture of vegetation growth performance after clearcutting, survival and 
growth of recruited native trees and restocked native seedlings were monitored. 
Findings obtained here will answer the following specific questions: 
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1. What would be the effect of clearfelling on growth of the recruited and restocked 
species? 
2. What factors affect the differential growth of recruited species between the uncut 
and felled sites? 
3. What are the governing criteria affecting the selection of species for the 
clearfelled environment? 
4. Other than the effect of clearfelling, are there any localized factors that affect 
survival of the recruited seedlings? 
5. What should be done to optimize the growth potentials of recruited and restocked 
species after canopy removal? 
7.2 Materials and methods 
7.2.1 Species identification 
Specimen samples of the recruited tree species were collected and 
identified by the Herbarium of AFCD. However, some species could not be 
identified due to their similar features in the same plant family (e.g. Machilus species) 
in this research. Also, the same problem was encountered in identifying the species 
restocked by the ground staff at Tai Lam Country Park Management Office. As 
informed by the staff of Herbarium, it was extremely difficult to identify seedlings as 
flower and fruit were not available at time of identification. 
7.2.2 Sampling method 
Due to small size of the felled area, a sampling plot of 400 m^ was marked 
in each of the study area. The monitoring period lasted for 1.5 years for the recruited 
trees and 1 year and 8 months for the restocked seedlings, both from 2004 to 2006. 
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All recruited species inside the sampling plot were measured on a half-yearly basis 
and the restocked seedlings on a bimonthly basis. 
In each sampling plot, the height, diameter at breast height (DBH at 1.3 m 
above ground) and crown area of all recruited tree species were measured. Tree 
height was estimated by measuring tape and DBH by digital caliper. Crown area was 
determined by the crown-diameter method (Muller-Dombois & Ellenberg, 1974): 
Crown area = tt {(Di+D2)/4}^, where Di and D2 were crown diameter (measured by a 
tape) 
Likewise, the height and basal diameter of the recruited seedlings were 
determined measuring tape and digital caliper respectively. 
7.2.3 Statistical analysis 
Statistical analysis was employed using the statistical package SPSS (for 
Windows). Mean values and ranges of all growth parameters were calculated by 
One-way ANOVA. Duncan's Multiple Range Test at the significance level of 
p<0.05 was employed to test if there were any statistical differences among the sites. 
7.3 Results and discussion 
7.3.1 Effect of overstorey removal on the growth of recruited native trees 
Native trees present in the three study areas were rather limited. There were 
only one, three and four types of species found in sites A, B and C respectively. The 
only species common to the three sites was a Machilus sp. that could not be 
identified (Table 7.1). The relatively lower species diversity was typical of the 
Acacia confusa plantations in Hong Kong, a finding also noted by Au (2001). 
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Table 7.1 Tree species found in sites A, B and C 
Number of 
Site Species Family Life form 
individual 
A Machilus sp. Lauraceae Tree 12 
B Machilus sp. Lauraceae Tree 7 
Viburnum odomtissimum Caprifoliaceae Shrub/ small tree 6 
Schima superba Theaceae Tree 1 
C Liquidambar formosana Hamamelidaceae Tree 4 
Machilus sp. Lauraceae Tree 9 
Tutcheria spectabilis Theaceae Tree 8 
Viburnum odomtissimum Caprifoliaceae Shrub/ small tree 1 
Height increment of the recruited species from 2004 to 2005 was 28%, 36% 
and 32% in sites A, B and C respectively, while the corresponding increment in 
DBH was 27%, 36% and 28% (Table 7.2). It is thus clear that clearfelling resulted in 
greater height and DBH increments, though statistically insignificant, of the recruited 
species. On the other hand, the increment of crown area was significantly greater in 
sites B (66%) and C (89%) than in site A (37%). Overall, native trees seemed to 
perform better in the felled sites than the uncut counterpart, being more notable in 
crown area than in height and DBH. 
Regarding the Machilus sp. that was present in all the three sites, they also 
recorded a significantly faster growth rate in DBH and crown area in sites B and C 
than in site A. Height increment yielded a similar pattern though not significant 
statistically (Table 7.3). 
Despite the short monitoring period, canopy removal of Acacia confusa 
undoubtedly benefited growth of the residual trees. This finding is comparable to 
forest transformation studies of Jussi et al. (1995) and Otsamo (1998). The result is 
expected because many species in the current study were light-demanding species 
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that are also found in lowland secondary forests and montane forests (Zhuang & 
Corlett, 1997). The only exception, perhaps, is Liquidambar formosana, which 
grows best in a shaded environment. In fact, plants do have a wide range of growing 
conditions, but they achieve optimal growth only under certain environments. 
The greater increment in height and crown areas of light-demanding trees 
was probably stimulated by overstorey removal (Otsamo, 1998)，resulting in more 
space and soil nutrients. Being taller and greater in crown area, the species can 
receive adequate sunlight, grow faster and shade out competing shrubs and weeds in 
the understorey (Erskine, Lamb & Borschmann, 2005). 
The increased growth of remnant indigenous trees played a crucial role in 
native forest recovery (Holl, 2002), particularly in clearfelled areas. First, both time 
and cost are equally important in forest rehabilitation. Faster vegetation growth after 
clearcutting would reflect a quicker return of native forest. Less management time 
and cost is needed to reach the ultimate restoration goal. 
Second, clearfelling induces nutrient losses through biomass removal, 
leaching by percolating soil water and soil erosion (Jordan, 1986). In reality, it 
seldom results in severe nutrient depletion as to halt vegetation regeneration on the 
degraded sites. Nevertheless, the key question is how fast the vegetation could be 
re-established. In this regard, remnant trees become very important. They, together 
with microbial immobilization and adsorption of nutrient by soil, could maintain soil 
nutrient cycling through litter fall and reduce loss of nutrients (Palvianinen et al., 
2005). 
Furthermore, residual trees can facilitate native forest recovery by 
ameliorating microclimate for seedlings (Holgen & Hanell，2000) and serving as 
food source for the local fauna. More importantly, mature trees could guarantee seed 
production and dispersal, which is always a limiting factor in forest recovery (Holl, 
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2002). These beneficial effects not only catalyze native forest re-establishment but 























































































































































































































































































































































































































































































































































































































































































































































































7.3.2 Effect of overstorey removal on growth of restocked native seedlings 
At the start of the study in 2004, 268，387 and 196 native tree seedlings 
were found in sites A，B and C respectively. The number of seedlings dropped 
significantly to 60, 87 and 50 at the end of the investigation in 2006 (Table 7.4). The 
mortality rate across the sites was 74-78%, which indicated an extremely low 
seedling survivorship. Despite this, there is considerable variation between the sites. 
For instance, mortality rate of the restocked species varied from 78% in site A to 
75-81% in site B and 55-100% in site C. Inter-site comparison between cut and 
uncut sites (sites A versus B and C) cannot be made in the present study because the 
species planted by AFCD were not identical. The highest survival rate coincided 
with Machilus chekiangensis in site C, which is higher than the 75% recorded for the 
same species in site B. All the Tutcheria spectabilis seedlings planted in site C died 
out completely. Thus, there is no definite conclusion to the survivorship of native 
seedlings after canopy removal. The existing experimental set-up does not permit 
this. 
Table 7.4 Number of seedlings in June 2004 and February 2006 
Seedlings in June Seedlings in , , ‘，… 
2004 February 2006 Mortality rate (%) 
Site Species No. of No. of t � . . � i � > r r 
. . 1 1 T ‘ 1 . .1 1 T ‘ 1 Individual Mean of individual Total individual Total . . . species site species species 
A Machilus 268 268 60 60 78% 78% 
chinensis 
B ？""ch，s 168 387 32 87 81% 78% 
brevijlora 
， 严 219 55 75% 
chekiangensis 
C ^ a c h i h s 81 196 28 50 65% 74% 
brevijlora 
， 1 1 2 22 55% 
chekiangensis 
Tutcheria 3 0 100% 
spectabilis 
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Seedlings in the felled sites grew faster in height and basal diameter. The 
height increment across the sites during the study period was -9%, 63% and 28% 
respectively for sites A, B and C. The corresponding values for basal diameter 
increment were 31%, 147% and 101% (Table 7.5, see also Appendix 3). Thus, basal 
diameter increment was more prominent than height increment for all the species 
examined, irrespective of difference in site. Machilus chinensis restocked in site A 
experienced a reduction in average height (-9%) although basal diameter still 
increased by 31%. Overall, the restocked species tended to grow better in site B 
(height 63%, DBH 147%) than site C (height 28%, DBH 101%). This difference can 
be caused by three factors. First, if clearfelling is beneficial to growth performance 
of the restocked species, the benefits are expected to be more obvious in sites with 
longer history of cutting. In this respect, site B has a marginally longer history of 
cutting than site C. Second, the difference between sites B and C is also likely 
inflated by the complete dieback of Tutcheria spectabilis in site C. Although 
inter-site comparison on the effect of clearfelling is not strictly feasible, overstorey 
removal seemed to be beneficial to height and basal diameter growth of the 
restocked species. 
Table 7.5 Growth performance of restocked native seedlings from June 2004 to 
February 2006 
Height Height (cm) Height ， s a l l aml te r ， a l 
, . ^ 1 . ‘ diameter , � ’ diameter 
(cm) m in February increment L . . . (cm) m ‘ 
^ onn/1 onr»A /o/\ (cm) in June ^ ‘ increment 
June 2004 2006 (%) February . . 
^ ^ 
Site A 522 ？M ^ ^ ^ 3 1 % ' ^ 
SiteB 41 67 63%' 0.5 1.2 147%' 
SiteC 57.1 73.1 28%^ | 0.7 101%*^ 
Column means sharing the same superscript are not significantly different (p<0.05) by Duncan's 
multiple range test. 
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It is thus safe to surmise that clearfelling benefits growth of the recruited 
and restocked species in Tai Lam Country Park. Generally, natural seedlings respond 
positively to increased light, with the exception of very high radiance (Turner, 2001). 
Although some species, including Machilus species, require some shade during their 
juvenile stage of growth, deep shade would reduce photosynthesis rate of the species. 
Moreover, soil nutrients tend to increase after overstorey removal, thus promoting 
the development of seedlings (Jordan, 1986). 
Rapid growth of seedlings is important in the highly competitive forests. 
Unlike trees, seedlings are more susceptible to drought. Having shallow roots, 
seedlings are less capable of accessing water particularly in dry season (Turner, 
2001). However, if they could grow faster in the felled environment, they can 
develop extensive root systems to reach for water, and thus lowering the chance of 
wilting. 
Another advantage of rapid growth is outcompeting grasses and weeds, 
which is an obstacle to recovery (Holl, 2002). After removal of the overstorey, more 
nutrients are available for the invading weeds and grasses, which would compete for 
soil moisture, nutrient and sunlight with the restocked seedlings. If the seedlings can 
outcompete these unwanted species, they would yield a higher survival rate 
(Chapman, Chapman, Zanne & Burgess，2002). 
7.3.3 Importance of tree retention and seedling restocking in native forest 
re-establishment 
The ultimate aim of forest restoration is the imitation of function, 
complexity, richness and structure of the original forest. To realize this goal, 
promotion of native species number and diversity would be a determinant to the 
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success (Thompson et al,, 2003). Clearfelling usually involves complete removal of 
the overstorey, yet in this study the native understorey trees were retained. In 
addition, native seedlings were introduced to forest gaps of the clearcut areas. In 
short, the clearcut site was not bare without any vegetation after cutting. 
The presence of vegetation is always important for soil conservation and 
the recruitment of native species. It is unnecessary to cut the native trees together 
with the exotic species because the former helps supply seeds of native plants and 
replenishes soil nutrients. 
On the other hand, restocking of native seedlings is equally important. In 
general, natural forest regeneration is slow and sometimes hindered by human 
disturbance, such as fire, and site conditions (Brown & Amacher, 1997). The 
introduction of desirable species into the felled site could directly increase the type 
and number of species in the forest, some of which might have been lost in 
clearfelling or past human disturbance. Native species with high ecological value or 
difficulty to germinate can be artificially planted to increase the complexity and 
richness of the forests (Brown & Amacher, 1997). 
7.3.4 Species selection for clearcut site 
An essential step in exotic woodland transformation is selecting the 
appropriate native species well suited to the clearcut environment. To a certain 
extent, a clearfelled area is similar to a disturbed site where the microclimate 
becomes more variable due to removal of the upper tree layer. A clearfelled site is 
not necessarily infertile; the soil nutrient status is dependent on the rock type, 
disturbance level and precedent vegetation. 
In general, native species that are fast growing, drought-resistant and 
light-demanding at their juvenile stage of growth would have a competitive edge in 
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the clearcut sites. These growth traits enable the native species to outcompete grasses 
and weeds, and tolerate the relatively drier environment with higher radiance. In a 
study by Chapman et al. (2002), they fould no differences in vegetation generation 
between the weeded plot and unweeded plot. In Hong Kong, however, weed control 
is important to seedling survival and establishment (Lai & Wong, 2005). As noted in 
Table 7.6，early serai or successional plant species are expected to have a greater 
tolerance range to the changed environment after clearcutting (Brown & Amacher， 
1997，p. 10). 
Table 7.6 Different growth characteristics between early serai and 
late serai plant species 
Characteristics Early serai Late serai 
Ecological amplitude Broad Narrow 
Nutrient requirements Broad Narrow 
Aggressiveness High Low 
Colonizing ability High Low-medium 
Seed production High Low-medium 
Seed germination High Low 
Seed dispersal High Low 
Stress tolerance, such as drought High Low 
Growth rate High Low 
Competitiveness for light, water Low-moderate High 
and soil nutrients 
Root /shoot ratio Low High 
Succession stage Low High 
In addition, it is important to avoid planting species that are favored by 
mammals in the clearcut sites. For instance, while the native species of Castanopsis 
fissa is well adapted to the local growth environment, it is particularly preferred by 
feral cattle as food. Consequently, cattle browsing can adversely affect the survival 
rate of this species. While it is normal to have predators in the natural environment, 
it would be advisable not to use species that are habitually predated on by mammals 
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unless there is effective control of the latter. 
With few exceptions (e.g. Senbeta et al., 2002), low species diversity is a 
common characteristic in most exotic plantations. An earlier local investigation by 
Zhuang (1997) found that the lower plant species diversity in monocultural exotic 
plantations, as compared to secondary forests, was not enough for the restoration of 
original forest structure and diversity. In the current study, the plant species diversity 
was even lower than Acacia confusa plantations of similar age (e.g. Au, 2001). 
Mixed planting with faster growing, shade-tolerant pioneer species would be a 
feasible option to increase the species diversity in a shorter period of time, as 
suggested by Keenan, Lamb, Parrotta and Kikkawa (1999). Species with different 
growth requirements can fully utilize soil nutrients, moisture and solar energy, thus 
reducing competition from weeds and grasses. Similar to nurse crops, fast-growing 
species could provide shade to the shade-tolerant species, which will ultimately 
dominate forest succession. 
Furthermore, saplings are preferred to small seedlings because survival rate 
tends to increase with size of the restocked species. Young and small seedlings, 
having shallow roots and few leaves, are more vulnerable to attack by animals, 
drought, disease and competition in the forest floor. A research in Panama confirmed 
that seedlings over 50 cm tall yielded a survival rate higher than 80% compared to 
the younger counterparts (Turner, 2001). This highlights the employment of larger 
saplings in native forest regeneration, especially when the growing environment is 
unfavorable. 
Lastly, native species with low dispersion rate in some cases may be 
accorded higher priority in the selection especially if they could establish well in the 
felled sites. In Hong Kong, seed dispersal is one of the limiting factors in forest 
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regeneration (Lee, Hau & Corlett, 2005). Selection of species with low dispersal rate 
can avoid their extinction but increase their establishment and species diversity as a 
whole in the territory. 
7.3.5 Browsing damage by feral cattle and its prevention 
Species richness is an important consideration in the transformation of 
exotic plantations. In this regard, seedling predator is one of the factors affecting not 
only survival of the restocked species but also biodiversity of the transformed 
woodland (Holl, 2002). A wide range of insects and animals can attack seedlings in 
the forest for food, resulting in mortality of the restocked species (Green & Juniper， 
2004). The extremely high mortality rate of restocked species found in the present 
study is largely caused by cattle browsing. The feral cattle are abundantly found in 
the Tai Mo Shan area, consequent to its release by farmers since the early 1980s 
when agriculture in the territory continued to decline. 
Herbivorous browsing is common in forests though it has not been 
regarded as a main threat in ecological rehabilitation in Hong Kong (Lai & Wong, 
2005). Elsewhere, animal browsing is a major cause of seedling mortality 
(Alvarea-Aquino et al., 2004; Stefano, 2005; Sweeney et al., 2002). Apart from 
direct killing of the plant, browsing would indirectly enhance mortality in dry 
environment, as defoliated seedlings are less capable of growing extensive root 
system to deal with drought (Turner, 2001). Cattle bites of stem and foliage were 
found throughout the present study, resulting in high mortality rate (>70%) of the 
restocked species compared to other local studies by Hau and Corlett (2003) and Lai 
and Wong (2005). 
Apart from survival rate of the seedlings, the success of transformation can 
also be measured by stock density of the forest. The minimum stocking density 
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proposed by Pannill et al (2001) is 494 trees/ha, at which the forest crown will close 
when the trees approach 4.6m in height. As a corollary, the minimum stocking 
density of trees shall be about 500 trees/ha in the clearfelled site. As such, the high 
mortality rate of the restocked seedlings is not necessarily a concern in the 
transformation process. 
Two questions then arise. Firstly, how to ensure that the recruited and 
restocked species will establish successfully in future? Secondly, is it cost-effective 
to restock so many native seedlings in the clearfelled site? There is no easy answer to 
these questions. Several measures are available to minimize animal browsing, 
including fencing the clearfelled site, tree guards and even lethal removal such as 
shooting (Stefano, 2005). Among these measures, fencing is considered most 
effective but expensive. In the present study, fences had been erected to protect all 
the sites from cattle browsing yet the results were not satisfactory because only the 
upper portion of the slopes was fenced. The feral cattle could still intrude the sites 
from downhill or sideways. Therefore, complete fencing of the site is recommended. 
The employment of tree guard or tree shelter is a viable option to protect 
the seedlings from animal predation. Although its use is unpopular in the territory, 
encouraging results were found overseas (e.g. Dubois, Chappelka, Robbins, Somers， 
& Baker，2000). Also, tree shelter can protect seedlings, modify microclimate, and 
reduce water stress (Sweeney et al,，2002). Hau and Corlett (2003) suggested that 
seasonal drought, competition from existing vegetation and low soil fertility were the 
major causes hindering survival and growth of seedlings on degraded slopes locally. 
Thus, the use of tree shelter can increase survival and facilitate the establishment and 
growth of seedlings, particularly in clearcut environment where environmental 
stresses are likely intensified. 
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On the other hand, the stocking density of seedlings in areas disturbed by 
feral cattle should be adjusted. While quality is preferred to quantity in ecological 
rehabilitation, over planting of seedlings does not necessarily guarantee success. It is 
neither cost-effective to over plant the site. Post-planting care of the seedlings is 
equally important in ecological rehabilitation projects, including exotic woodland 
transformation. In this case, fencing a large clearcut area to protect the seedlings may 
not be the best solution because it can block the natural corridor of local fauna. 
Instead, tree shelter is a better answer to the problem. It is worthwhile to reduce the 
stocking density of seedlings and protect each tree by a tree shelter for at least 2 
years. Coupled with the criteria suggested for species selection, both the survival and 
growth rates of the species can be improved. 
7.4 Summary 
The major findings from the present experiment are summarized below: 
1. Both the recruited and restocked species benefited from removal of the Acacia 
confusa overstorey. 
2. Improved growth of the recruited species was likely caused by reduced 
competition for nutrients, sunlight and water from the overstorey species. 
3. The native species suitable for restocking clearfelled site should be fast growing, 
drought-resistant and light demanding. Besides, larger sized saplings are 
preferred to the smaller counterparts to ensure survival. 
4. Browsing of feral cattle was the main cause of high seedling mortality. 
5. The growth potentials of recruited and restocked species can be enhanced by 
fencing and the use of tree shelter. From an ecological perspective, however, tree 
shelter is preferred to fencing. 
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CHAPTER 8 
EFFECT OF SHADE AND WATER ON THE GROWTH OF 
SELECTED NATIVE SPECIES 
8.1 Introduction 
Stresses restrict the utilization of resource, growth and reproduction of 
plant species. In most circumstances, plant species are exposed to several stress 
factors simultaneously (Godbold, 1998)，among which water and light are major 
growth constraints. 
To a large extent, life on earth is determined by the presence of water 
(Kozlowski, 1968). This is also very true to herbaceous, woody and epiphyte plants 
and therefore water is vital to their growth and development (Monneveux & 
Belhassen, 1996). The functions of water to plants are threefold: (1) at the cellular 
level, water is a medium for biochemical reactions; (2) at the tissue level, water links 
the cells together; and (3) at the whole plant level, water facilitates the flow of 'food' 
throughout the entire plant body (Monneveux & Belhassen, 1996). When plants 
suffer from different degree of water stress, plant wilting, stomatal closure, change in 
leaf growth, and eventually decreased total biomass are the expected consequences 
(Tardieu, 1996). 
In a forest environment, atmospheric and soil moisture vary with the size of 
forest openings due to the difference in evaporation and transpiration rates. The 
relative humidity of a forest tends to be higher than a deforested land (Lai, 1987). 
Whether plants can establish and develop on such an area will depend on their 
tolerance towards drought. To understand better plants' tolerance towards drought 
and their adaptation to different forest openings, it is worthwhile to simulate the 
effects under controlled conditions in a greenhouse. 
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On the other hand, the amount of sunlight available is equally important to 
plant growth. Sunlight is not only an essential element of photosynthesis; it also 
helps to reduce the chance of fungal disease and keep the plants healthy. Up to five 
major types of plant can be classified according to different light requirements 
during their life time (Augspurger, 1984; Whitmore, 1989). For instance, some plants 
may require more sunshine during seedling establishment but become shade tolerant 
when grown up (Dalling et al., 2004). Indeed, the survival rate, growth form and 
performance can be affected by the amount of sunlight. 
According to Whitmore (1989), the development of a forest is closely 
related to canopy openings. It is called a forest cycle where forest would experience 
three gap phases before reaching maturity and canopy closure. In each stage, certain 
plant species would be best suited and dominate the environment while some suffer 
from low survival and poor growth performance (Brokaw & Scheiner，1989). This 
phenomenon can be partly explained by their tolerance towards different shade level. 
As the tolerance of shade is an important element affecting plant establishment and 
growth, this can be tested under a controlled environment of different shade 
conditions. The outcome is useful to the selection of potential species suitable for 
ecological rehabilitation, including restocking of clearfelled or uncut sites. 
Plants' response and tolerance to light and water stress is commonly 
examined in ecological studies (e.g. Bloor, 2003; Kobe, 1999; Sack & Gmbb，2002) 
because of their physiological importance (Godbold, 1998). This information not 
only enhances our understanding of particular plant species, but also helps promote 
their establishment in specific environments. It is a simple yet effective way to look 
into the growing traits of plant species under different light conditions. This can be 
accomplished by subjecting the potted plants to different light intensities in a 
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greenhouse (Augspurger, 1984; Dalling et al., 2004; Sack & Grubb, 2002). 
Instead of testing plant species in a greenhouse, the majority of ecological 
rehabilitation researches in Hong Kong were conducted in the field. There are pros 
and cons in these two approaches. Field trials can be constrained by different growth 
factors, thus lacking specificity. Besides, local researches largely focus on the 
impacts of exotics on the local environment (e.g. Au, 2001; Kong, 2004; Zhuang & 
Yau, 1999). Native species are preferred to exotic species because they have longer 
history of establishment and hence have greater potentials in repairing spoiled 
ecosystem (Brown & Amacher, 1997). There is limited information on the specific 
growth requirements, including water and sunlight, of native species in the local 
environment. As a result, information regarding natives is lacking in the local context 
and more research is required to fill this knowledge gap. 
Therefore, to better understand the growing trait of native species, a 
controlled experiment is carried out to examine their growth performance under 
different light and water conditions. Due to the constraints of manpower and time in 
this research, only 4 species native to the territory were examined for a period of 11 
months. They are dominant species in the secondary woodlands of Hong Kong. The 
findings obtained from this experiment are expected to answer the following 
questions: 
1. How will the four native species respond to different shade and water conditions? 
2. Which treatment is most beneficial to growth of the native species? 
3. Which species are likely suitable for growth in the clearfelled and uncut sites? 
4. Which is more important to growth of the native tree saplings, light intensity or 
water? 
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8.2 Materials and methods 
8.2.1 Study sites 
A potted experiment was conducted in the Physical Geography 
Experimental Station (PGES) of The Chinese University of Hong Kong from July 
2004 to May 2005. The PGES was located in Shatin, in the New Territories of Hong 
Kong. There was a weather station next to it. 
8.2.2 Experimental design 
A potted experiment was carried out in the PGES to test the combined 
effect of different light intensities and water levels on the growth of four selected 
native species. The four native species selected for this study included Machilus 
breviflora, Machilus chekiangensis, Machilus pauhoi and Tutcheria spectabilis. The 
Machilus species are commonly found in secondary woodlands in the Tai Mo Shan 
area, where Tai Lam Country Park is located. Among them, Machilus breviflora and 
Machilus chekiangensis have been used extensively by AFCD in conservation 
planting since the 1990s. On the other hand, Machilus pauhoi is little known in Hong 
Kong although big specimens can be found in Tai Po Kau Nature Reserve to the east 
of the study site. Tutcheria spectabilis is a shade-intolerant species that grows very 
well on disturbed open sites; it is also an acid soil indicator plant and an aluminum 
accumulator. Besides their dominance in the Tai Lam area, they were also selected 
due to stock availability from the government's tree nursery at Tai Tong and the 
Kadoorie Farm and Botanic Garden (KFBG), an NGO in Hong Kong. 
8.2.3 Light and water treatments 
Three simple structures, each measuring Im (H) x 3m (L) x Im (W), were 
erected for this purpose in the PGES. Three light intensities were tested in this 
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experiment, namely 22.5% (hereafter referred to as low light intensity), 45% 
(medium light intensity) and 100% (full light intensity). For the 45% and 22.5% 
treatments, they were achieved by covering the top of the structure with a 
single-layer nylon net and a double-layer nylon net respectively. The top was left 
uncovered for the full sunlight treatment of 100%. These nylon nets were purchased 
locally and the light intensities were determined by use of a light meter after erection 
of the structures. 
Light intensity was measured at plant level on three selected sunny days, 
both outside and inside the erected structures. Three measurements were taken each 
day from different part of every structure and the 3-day values averaged to give the 
desired light intensities in this study. The results showed that plants grown in the 
uncovered structure received the highest level of sunshine (100%). This was reduced 
to 45% of the full sunlight in the single-layered net structure and 22.5% in the 
double-layered net structure. This was considered suitable to proceed with the 
experiment. The four sides of each structure were left open so that wind could flow 
freely. To a certain extent, this design could simulate the different natural conditions 
of a clearfelled site (100% sunlight), medium-sized forest gap (45%) and small-sized 
forest gap (22.5%). The latter two scenarios might also be reminiscent of different 
degree of clearfelling. 
At the same time，three water treatments were also applied to produce a 
sequence of water stress on the tree saplings. Before the proper experiment, several 
saplings were selected and irrigated to produce three levels of water stress. It was 
found that 200 ml of water was enough to reach the point of saturation, which was 
the field capacity of the soil in each pot. This was equivalent to a suction pressure of 
0.3 bar (Kirkham, 2005). In other words, plants would not suffer from any water 
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stress at that point. To produce an environment of moderate water stress, 100 ml of 
water was needed. Severe water stress was achieved when 0 ml of water was applied. 
To maintain the levels of water stress, plants were regularly watered and the three 
water levels of treatment mentioned were applied to the native tree saplings in the 
experiment. The pots were watered on alternate days with 0, 100 and 200 ml of water, 
depending on wetness of the soil. Irrigation was stopped on rainy days. There were a 
total of 9 treatments and each was replicated 5 times. The pots were moved around 
randomly on a monthly basis to avoid uneven growth inside the nylon structure. The 
design of this experiment is detailed in Table 8.1 below. 
Table 8.1 Treatment matrices of different light intensity and water input 
Light intensity Water input# Treatment matrices 
— 1 0 0 % ~ 0 100%+0 
— 4 5 % “ 0 45%+0 
“ 22.5% — 0 22.5%+Q 
— 1 0 0 % - 1 100%+! 
— 45% “ 1 45%+l 
“ 22.5% — 1 22.5%+l 
100% 3 100%+3 
— 45% 一 3 ~ 450/0+3 
“ 22.5% 3 22.5%+3 
Note: #0=0 ml; 1=100 ml; 3=200 ml 
8.2.4 Growth performance analysis 
The saplings were collected from the Tai Tong Tree Nursery and KFBG; 
they were grown in decomposed granite in tubed plastic bags, measuring 5 cm in 
diameter and 15 cm in height. After transplanting the saplings into plastic pots, each 
measuring 18 cm in diameter and 25 cm in height, they were left to grow for two 
weeks and irrigated daily to ensure successful establishment. The growth medium is 
also decomposed granite. 1 g of NPK compound fertilizer (Nitrophoska 12:12:17) 
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was added to each pot for the first three months to ensure healthy growth of the 
saplings. Before the potted plants were put in place, their height and basal diameter 
were measured by use of a ruler and digital caliper respectively. The actual 
experiment started in July 2004 and lasted until May 2005. During this period, the 
mortality rate, height and basal diameter of each sapling were recorded on a monthly 
basis from July 2004 to December 2005. The frequency of measurement was 
reduced to once two months in winter (January 2005) and early spring (April 2005) 
when growth had slowed down. This objective was to compare the growth rate of the 
species under different light intensity and soil moisture treatments. 
8.2.5 Statistical analysis 
The mean height, basal diameter and survival rate of each species under 
different treatments were analyzed and compared by descriptive statistic due to the 
small sample size. Although each treatment was replicated 5 times, some of the 
plants died of stress during the experimental period. 
8.3 Results and discussion 
8.3.1 Height growth 
Increase in height varied greatly from -20cm to 41cm between species and 
treatments (Figure 8.1). Among the treatments, saplings grown at 22.5%+3 generally 
yielded the greatest height increment, while saplings at 100%+0 had the smallest 
height increase (Table 8.2). When the plants were irrigated with the least amount of 
water (0 and 100ml), height increment averaged less than 50% at the end of the study 
irrespective of shade treatment (Table 8.2). This clearly shows that adequate water 
and, to some extent, appropriate shade are critical to growth of the young saplings. 
As such, treatment with the heaviest shade and largest amount of water resulted in 
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the most pronounced height growth of 103%. 
At the species level, Machilus breviflora, Machilus chekiangensis and 
Tutcheria spectabilis exhibited over 90% height increment at treatment 22.5%+3 
throughout the study (Table 8.3). However, the height increment of Machilus pauhoi 
was only 49 % under the same treatment. Thus, Machilus breviflora (122%) and 
Machilus chekiangensis (150%) outperformed the other two species (49-90%) in 
height increment. 
Table 8.2 Height increment under different light and water 
treatments(in descending order of increment) 
Treatments Height increment 
22.5%+3 103% — 
22.50/0+1 91% — 
45%+3 87% “ 
45%+l 79% — 
lQ0%+3 51% — 
22.5%+0 一 31% 
45%+0 27% — 
100%+1 20% — 
100%+0 114% 
Machilus breviflora and Machilus chekiangensis exhibited more than 100% 
increase in height under treatments 45%+l, 45%+3 and 22.5%+3. Although 
Machilus pauhoi grew best in treatments 100%+3 and 22.5%+3, the increase was 
lower than 50%. These species are clearly shade-tolerant at their seedling stage; they 
grew better under deep shade condition and with adequate water supply. Indeed, 
Machilus pauhoi is reported to be highly shade-tolerant (Ho, Lok，Fung & Ho， 
2005). 
Tutcheria spectabilis yielded the greatest height increment under treatments 
22.50/0+1 and 22.50/0+3. This acid soil indicator species grows best on disturbed open 
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site. The finding seemed to suggest that water is more important than shade for the 
seedling growth of Tutcheria spectabilis. 
The small height increment of saplings under treatments 22.5%+0, 45%+0 
and 100%+0 was expected because water, a vital element of growth, was insufficient 
in these treatments so the saplings suffered from severe water stress throughout the 
study. 
For treatments having the same level of shade, height increment seemed to 
increase with the amount of water added to the pots. Likewise, when water input was 
held constant, height increment decreased in the order of 100%, 45% and 22.5%. This 
clearly suggests that light intensity interacts with water in controlling height increment 
of the species. Since plant species were exposed to several stress factors simultaneously, 
removal of one stress could alleviate the impact of the other (Godbold, 1998). For 
instance, in treatments receiving 100 ml and 200 ml of water per pot, the overall height 
increment of the species usually exceeded 50% regardless of the light intensities. The 
only exception was treatment 100%+1, in which height increment amounted to 20% 
only. 
It is envisaged that water stress is more critical in the field under full sun 
condition, especially on soil destruction sites devoid of vegetation. Therefore, seedlings 
may perform better on sites with a certain percent of shade than sites exposed to full 
sunshine. There are two important implications on the transformation of exotic 
woodlands. First, it may not be wise to completely remove the overstorey so that the 
restocked species will be exposed to fiill sun conditions. In this connection, partial 
clearfelling or phased clearfelling operation are viable alternatives to complete 
clearfelling. Second, if complete clearfelling is practiced, it is essential not to restock 
the forest gaps with shade-tolerant species. 
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Figure 8.1 Height increment of saplings in terms of actual value (cm) from July 2004 






















































































































































































































































































































































8.3.2 Basal diameter growth 
Machilus breviflora and Machilus chekiangensis exhibited the greatest 
increase in basal diameter growth under treatments 22.5%+1 and 22.5%+3 while 
Machilus pauhoi and Tutcheria spectabilis performed best under treatment 22.5%+0 
(Tables 8.4 and 8.5). Throughout the study, average basal diameter increment of all 
species ranged from 0.44-5.56mm (Figure 8.2). Among the treatments, seedlings 
under treatment 22.5%+l had the greatest basal diameter increment while that of 
treatment 100%+3 was the smallest. The experiment showed that basal diameter 
increment might not be directly related to the increase of sunlight and water input. 
Overall, seedlings receiving the deepest shade (22.5% sunlight) yielded over 65% 
increment in basal diameter. 
Table 8.4 Basal diameter increment under different 
ight and water treatments (in descending order of increment) 
„ 丄 ‘ Basal diameter Treatments . , increment 
^ 5 % + 3 70% 




' m % + \ 17% 
T ^ 0 % + 0 1 6 % 
'm%+3 112% 
In general, the lower the light intensity, the higher would be the basal 
diameter increment. Similar to height increment, basal diameter increment tended to 
increase with the corresponding increase of shade and water applied to the pots 
although this pattern was less conspicuous than height growth. This is expected of 
shade-tolerant plants because less energy is used in height growth; instead, the 
energy is channeled to basal diameter growth. 
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The following conclusions can be summarized from the results. 
1. Native saplings performed differently under the combined treatments of light and 
water. Overall, their growth performance was constrained by fiill sun condition 
(100% sunshine) even though water was not lacking (e.g. 100%+0, 100%+! and 
100%+3). Conversely, better growth was recorded under deep shade environment 
with sufficient water. 
2. Saplings under 22.5%+3 treatment recorded the greatest height increment (over 
100%) while the smallest height increment coincided with the 100%+0 treatment. 
Machilus breviflora and Machilus chekiangensis also grew well under treatments 
450/0+1 and 45%+3. 
3. Machilus breviflora and Machilus chekiangensis were recommended to grow in 
partially-shaded environment due to their remarkable height increment under the 
450/0+1 and 450/0+3 treatments. Where restocking of native species was necessary, 
the overstorey could be partially clearfelled to accommodate the growth 
requirement of these two Machilus species. Conversely, Machilus pauhoi was 
not suitable for relatively open site with plenty of sunshine because it was a 
shade-tolerant species. It might be used as a restocking species underneath exotic 
plantations where there was a sparse understorey. 
4. Light intensity interacted with water supply in a complex manner to affect the 
growth performance of the four native species. Under the existing experimental 
design, it was not possible to differentiate the separate effect of light intensity 
and soil water. Although water supply might be more important than light 
intensity in affecting native species growth, more research was needed to 





This research investigated some of the methods, rationales and changes 
involving the transformation of exotic Acacia confusa woodlands to native forests in 
Hong Kong. Clearfelling, retention of recruited species and restocking of species 
were tools employed in the transformation process. The specific objectives of this 
study are fivefold: 
1. To examine the microclimatic changes after clearfelling of Acacia confusa; 
2. To investigate the changes in the soil nutrient pool after clearfelling; 
3. To examine nitrogen fluxes in the soil after canopy removal with special 
emphasis on N-supplying capacity of the felled environment; 
4. To study the growth performance of native species, naturally recruited and 
artificially restocked, after removal of the overstorey; and 
5. To investigate the combined effect of light intensity and water on the survival 
and growth performance of four selected native species under controlled 
conditions. 
Altogether three sites were selected for the present study; namely site A 
(uncut), site B (cut in April 2003) and site C (cut in November 2003). These sites 
were located in Tai Lam Country Park, each dominated by the exotic legume Acacia 
confusa aged 34 years at the time of study. The study lasted for 2 years and the 
results were summarized in the ensuing paragraphs. Comparisons were made 
between the uncut (A) and cut (sites B & C) sites, where appropriate. 
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9.2 Summary of major findings 
The change in microclimate after harvest was investigated in winter only 
due to the unavailability of equipment. Microclimatic conditions, such as solar 
radiation and temperature, were generally higher and more variable in the felled 
environment than the uncut environment. Average solar radiation was 0.7 w W in 
the uncut site compared to 2.6 W/m^ in the clearfelled site. Daily variations were 
wider in the uncut site (15.7 W/m^) than the cut site (2.3 W/m^) too. Temperature 
was equally variable. The average soil, surface and air temperatures were 16.rc, 
15.7°C and 15.5°C in the uncut site while the corresponding values for the clearfelled 
site were 18.7°C, 17.4°C and 15.TC. Surface temperature at ground level in the 
clearcut site showed the greatest daily fluctuation, reaching as high as 15.5°C 
throughout the monitoring period. 
Average relative humidity was 84% in the uncut site compared to 74 % in 
the felled counterpart. A similar trend was found for wind speed, averaging 1.9 m s"^  
in the uncut site and 1.2 m s'^  in the cut site. 
There was no change in texture of the soils as a result of clearfelling; the sites 
were dominated by sandy clay loam. However, there were significant changes in the 
soil nutrient pool subsequent to felling of the overstorey vegetation. Soils were 
strongly acidic in reaction, a trend comparable to most hill soils in Hong Kong. 
While soil reaction pH at 0-5 cm layer dropped from 3.87 to 3.72 in the uncut 
woodland, it increased from 4.08 to 4.14 and 4.32 to 4.52 in the two felled sites. 
Thus, the soils became less acidic as a result of clearfelling. 
Acacia confusa is a prolific litter producer and after 34 years of growth in 
the study area, the soils are enriched with high organic matter content. Soil organic 
matter (SOM) at 0-5 cm layer dropped from 9.95 % to 8.93 % in the uncut forest 
during the study. The pattern in the clearfelled sites was less conspicuous; SOM at 
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the same level increased from 8.92 % to 9.4�9 % in site B but decreased from 7.52 % 
to 6.97 % in site C. While clearfelling was known to increase organic input to the 
forest floor, the cause of drop in site C was rather unique. The uneven distribution of 
recruited native trees in site C might account for this difference. 
SOM is a storehouse of total nitrogen in unfertilized soil. The study area 
had a very high TKN content in the soil, probably due to the accumulation of 
leguminous litter that was rich in nitrogen. Thus, TKN largely followed the pattern 
of SOM in the study sites. During the study period, TKN of the 0-5 cm layer 
increased from 0.44 % to 0.53 % in the uncut site compared to a similar increase of 
0.43 % to 0.50 % in site B. Conversely, TKN of the same layer in site C decreased 
from 0.40 % to 0.36 %. The effect of clearfelling on TKN could not be determined 
precisely in the present study. Conflicting results were obtained between sites B and 
C with different cutting history and distribution of the understorey vegetation. 
For the cation nutrients of K, Na, Ca and Mg, all study sites recorded an 
increase during the study period. For instance, total exchangeable cations in site A 
increased slightly from 1.17 cmol kg] to 1.37 cmol kg]，whereas in sites B and C 
the magnitude of increase was much higher, in the region of 1.92 cmol kg'^  to 2.7 
cmol kg-i and 2.62 cmol kg'^  to 2.89 cmol kg"' respectively. Clearfelling, therefore, 
resulted in higher increase of total exchangeable cations compared to the control site 
due to increased organic litter inputs and accelerated decomposition rate. 
Available phosphorus fluctuated greatly among the three sites. During the 
study period, available phosphorus averaged 1.20 ug g] to 7.52 ug g"' in site A, 1.12 
ug g-i to 5.33 ug g-i in site B，and 1.56 ug g] to 6.11 ug g"^  in site C. In strongly acid 
soils, there is P-fixation by soluble Al, Fe and Mn. The effect of clearfelling on 
available phosphorus, therefore, is very complicated and no definite conclusions can 
be made. 
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Clearfelling had different effects on N mineralization, leaching and N 
uptake from the soils. There were greater fluctuations in NH4-N from the soil of the 
cut site (0.5-3.31 ug g'^) than the uncut site (0.4-2.64 ug g" )^. Overall, mean NH4-N 
content was higher in the clearfelled site (1.88 ug g"^ ) than the uncut site (1.21 ug g'^). 
The reverse was true for NO3-N, which was on the average higher in the uncut site 
(1.40 ug g-i) than the cut site (1.21 ug g"'). Thus, clearfelling seemed to benefit the 
ammonifiers more than the nitrifiers. 
Net ammonification averaged 0.04-0.54 ug in the uncut site and 
0.02-0.72 ug g-'day-i in the cut site, without any seasonal trend. The corresponding 
values for net nitrification were 0.04-2.04 ug (uncut site) and 0.23-2.32 ug 
g-iday-i (cut site). Net N mineralization was marginally higher in the clearfelled site 
(0.71 ug g-ifiay-i) than the uncut site (0.66 ug g'May'^) due to increased soil 
temperature and greater organic pool in the form of residual debris. 
Leaching of NH4-N and NO3-N was almost identical between the sites, 
averaging 0.65 ug g'May'^ for site A and 0.63 ug g'May'^ for site B. The total 
leaching loss of mineral N during the study period amounted to 63.22 ug g'^  for the 
uncut site and 61.64 ug g'^  for the cut site. Clearfelling, therefore, had not 
accelerated the leaching loss of mineral N. On the other hand, it had altered the 
seasonal uptake of mineral N but not the cumulative uptake pattern compared to the 
uncut site. 
The deficit of mineral N during the 98-day incubation period was higher for 
the uncut site (-32.35 ug g"^ ) than the cut site (-24.57 ug g^). This deficit is likely 
compensated by inputs from nitrogen fixation, atmosphere, cow dungs and reserves 
in the soil. It is thus safe to conclude that clearfelling had no adverse effects on the 
N-supplying capacity of the soil. 
As aforesaid in section 9.1, the recruited species in sites B and C were 
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retained during clearfelling as a means to accelerate the recovery of native forest. 
However, very few native species were recruited by the Acacia plantations and they 
belonged to the Lauraceae, Caprifoliaceae, Theaceae and Hamamelidaceae family. 
Growth performance of the recruited species between the cut and uncut sites was 
assessed in terms of height, diameter at breast height (DBH) and crown area 
increment approximately 2 and nearly 3 years after clearfelling. Overall height 
increment of the recruited species trees decreased in the order of site B (+36%), site 
C (+32%) and site A (+28%). The increment of DBH followed the same pattern, in 
the decreasing order of site B (+36%), site C (+28%) and site A (+27%). A more 
pronounced increment was found for crown area, which was in the order of site C 
(+89%), site B (+66%) and site C (+37%). While none of the recruited species had 
experienced setback in growth, clearfelling had provided more space, light, nutrients 
and moisture for the recruited species to grow. The positive effects were more 
conspicuous in crown expansion than height and DBH increments. The lapse of time 
after clearfelling was also closely linked to the magnitude of increment for height 
and DBH but not crown area. Clearfelling, therefore, can promote growth of the 
recruited species. 
A similar growth pattern was found for the restocked species in terms of 
height and basal diameter increments. For instance, height of the restocked species in 
the uncut site was retarded (-9%) compared to the pronounced increment of +63% in 
site B and +28% in site C. Likewise, basal diameter of the restocked seedlings 
increased by +147% in site B and 101% in site C compared to +31% only in site A. 
Thus, the restocked seedlings grew much better in clearfelled site than uncut site due 
to reasons similar to the recruited species. Notwithstanding this, cattle browsing are a 
persistent problem in the study area, resulting in lower survival rate of the restocked 
seedlings in the felled sites than the uncut site. Overall, survival rate was over 70% 
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in the study area. 
Interesting results were obtained from the controlled experiment on 
seedling growth under different combinations of light intensity and irrigation regime. 
Native tree saplings recorded very low growth rate when subjected to 100% light 
intensity treatment regardless of the irrigation regime. Faster growth was recorded 
under deep shade environment with sufficient water. Machilus breviflora and 
Machilus chekiangensis are native species with a potential to grow in less-shaded 
environment, such as clearfelled site with or without opening gaps, because of the 
remarkable height increase in the 45%+l and 45%+3 treatments. Machilus pauhoi is 
not recommended due to its poor performance in the same treatment. 
9.3 Implications of the study 
9.3.1 Transformation of Acacia confusa woodland into native forest by 
clearfelling 
Acacia confusa is an important pioneer species that can moderate harsh 
microclimatic conditions, ameliorate soil nutrient pool, and facilitate the recruitment 
of native species. They were introduced to the territory in the early 1960s due to the 
low survival rate of native species and the urgent need to revegetate severely 
degraded lands. There are several drawbacks associated with the existing Acacia 
plantations in Hong Kong. Many of them are aging rapidly, characterized by sparse 
canopy, rotten trunks and poorly developed understorey. Indeed, Acacia confusa 
plantation in the territory is inferior to Lophostemon confertus plantation in the 
recruitment of native species (Au, 2001; Kong, 2004). Acacia confusa plantations 
have limited ecological values due to their monoculture planting in the past. 
Clearfelling is envisaged to be a viable tool for the transformation this exotic 
woodland. 
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Clearfelling is a proactive measure involving the removal of all exotic 
species in the plantation. The main aim is to catalyze native forest re-establishment 
and improve the ecological values of the site. From results obtained in this study, 
clearfelling had no detrimental effects to the environment, growth of the recruited 
and restocked species, and N fluxes in the soil. We find no extreme microclimates, 
accelerated loss of mineral N and vigorous immobilization from the felled site, not to 
mention many of the positive effects associated with this forestry tool. These 
findings are somewhat different from some overseas studies, which have found 
drastic changes to the environment as a result of clearfelling. For instance, wind 
velocity can increase after removal of the canopy resulting in windblown effect of 
the young trees. Where heavy machines are used in felling operation, the soil will be 
adversely affected including compaction, aggregate breakdown and release of toxic 
substances. What are the causes for this disparity of results? 
We believe the positive effects obtained from clearfelling in this study are 
caused by small size of the felled site, light equipment used in clearfelling and nature 
of the exotic woodlands. As aforesaid in Chapter 1，the current experiment was 
undertaken by AFCD on a trial basis. The size of the felled areas is relatively small, 
which will inevitably maximize edge benefits of the surrounding forests and thus, 
have smaller impact on the felled environment. The changes in microclimate 
condition could have been underestimated because of this edge effect, especially 
wind velocity and radiation. Continuous monitoring of larger site for a year or longer 
may yield different results. In the present study, the overstorey canopy was felled 
manually by use of a chainsaw so that there was minimum disturbance to the ground. 
Many of the adverse effects arising from the use of heavy machines are thus avoided. 
Of course, this is also a preferred approach in the transformation process. Unlike 
mature native forests that are characterized by rapid nutrient cycling, high 
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biodiversity and ecological values, exotic plantations are inferior in nutrient status, 
stand structure and biodiversity. Thus, the effects of clearfelling an exotic plantation 
might be different from that of a mature forest. 
In this study, disturbance from feral cattle is a main obstacle to forest 
transformation and regeneration. Survival rate of the restocked seedlings was low in 
all the sites (>70%) partly as a result of browsing by feral cattle during dry seasons. 
Although drought was also a cause of high seedling mortality in the study area, its 
effect was minor compared to herbivory disturbance. The direct feeding and indirect 
killing of seedling by cattle is fatal. The browsed seedlings will suffer more with 
onset of the dry season; they died out rapidly. The control of herbivores is, therefore, 
critical to the success of transformation. 
The success of transformation depends partly on the regeneration of 
vegetation after clearfelling. Although microclimate conditions can become more 
extreme in the felled site, the elevated solar radiation, temperature and soil nutrients 
had promoted growth of the recruited and restocked species (see Chapter 7). In the 
long run, the new environment will continue to improve and become better than the 
uncut plantation dominated by aging Acacia confusa. In this successional sere, there 
will be reduced competition of light, water, nutrients and growth space from the 
overstorey. In forest having heavy competition, it is always essential to reduce the 
number of existing plants to promote the establishment and growth of desirable 
species. Clearfelling is a proactive way to eliminate growth constraints and facilitate 
the regeneration of native species. It is a useful tool in ecological restoration. 
However, clearfelling alone may not be effective in enhancing biodiversity 
of a particular site or else it will take a long time to achieve this goal. In woodland 
transformation, therefore, clearfelling is usually complemented by tree retention and 
restocking. The objective of this integrated approach is to reduce the time lag in 
143 
ecological restoration, especially where the seed source is limited and where 
biodiversity is low. The retention of native trees not only accelerates biodiversity 
development but also provides the necessary seed source and ameliorates the 
microclimate of the felled site. Restocking is considered necessary in the present 
study owing to the small amount of retained trees and the presence of gaps (halos) 
after clearfelling. The direct in-planting of seedlings can effectively solve the 
problem of low seed germination and low survival rate, but at the same time, 
accelerates biodiversity development. 
9.3.2 When and where to undertake clearfelling 
Clearfelling is not universally applicable for the transformation of exotic 
woodlands. Its application should depend on site conditions and forestry plan. While 
the adverse effects of clearfelling could be partially alleviated by retaining residual 
trees and restocking seedlings, the extent of felling is inevitably a controversial issue. 
Partial felling is suggested as an alternative to complete clearfelling in many studies 
(Burgess & Wetzd，2002; Chapman & Oiapman，1997; Neyland et al., 1999). There 
are pros and cons between these two approaches, which falls outside the present 
scope of study. Where clearfelling remains the only option, what shall be the best 
time to cut and where? 
Clearfelling is considered most suitable when the entire forest is no longer 
wanted. Typical examples include aging monoculture stands of exotic species, 
forests of low ecological values and exotic plantations whose understorey of native 
species is already fully developed etc. Under this scenario, it is more cost-effective 
to remove the entire overstorey in one single operation when wind blown is not a 
concern. This will remove the growth constraints posed by the overstorey species, 
such as deep shade, allelopathy and inter-specific competition. One distinct 
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advantage of doing this is that the native species, recruited or restocked, can grow 
rapidly with less competition from the dominant vegetation. Sometimes it may not 
be wise to clearfell the overstorey if the understorey layer has not fully developed 
unless the operator is prepared to restock the site. An inventory check of the 
understorey layer is, therefore, necessary prior to clearfelling. 
Due consideration should also be given to soil fertility of the target site. It 
is unwise to practice clearfelling on site where fertility level of the soil is too low to 
support re-growth of plants or only support a slow return of vegetation. The best 
examples are soil destruction sites, including borrow area (from where landfill 
materials are excavated), disused quarry and landfill etc. They are pioneer sites 
depleted of an organic-rich topsoil layer, deficient in SOM, TKN and most cation 
nutrients. In Hong Kong these soil destruction sites are usually revegetated with 
nitrogen-fixing legumes. Although soil fertility has improved with growth of the 
legumes, the sites are still ecologically fragile and they lack a well developed 
understorey. Clearfelling is not considered viable on these sites unless it is supported 
by a high auxiliary energy input to ensure growth of the vegetation and to control 
soil erosion. These sites are dominated by coarse-grained granite, which occupies 
one third of the total land area in Hong Kong. We have to set priority in the 
transformation of exotic woodlands. As such, priority should be given to sites 
underlain by volcanic rocks, previously disturbed by fire and now revegetated with 
the exotic species of Acacias, Lophostemon confertus and eucalypts. In these exotic 
woodlands, there is usually a well developed understorey layer of native species and 
the soils are relatively fertile too. Removal of the canopy, in whole or in part, can 
give quick results. 
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9.4 Limitations of the study 
To examine the effect of clearfelling on the environment, soil and plant 
growth, the best approach is to compare the findings before and after clearfelling. 
This is reminiscent of the zero-time approach compared to the retrospective 
approach adopted for the present study. Results obtained from zero-time approach 
are preferred to those obtained from retrospective approach. This is, however, easier 
said than done in Hong Kong because felling and conservation planting of trees 
inside country parks and surrounding areas are controlled by AFCD. Moreover, 
exotic woodland transformation has just started in Hong Kong on a trial basis; there 
are very few clearfelling operations going on. It is difficult to find a site that has 
been planned for transformation, allowing the interested party to conduct research on 
it. The timing is just not right, from planning to seeking permission from the 
authority to carry out the research. No two sites are the same and, indeed, Hong 
Kong has a complex geology. In the selection of study sites, immense problems are 
encountered to ensure that the sites available are strictly comparable. In association 
with this drawback, there is not adequate number of sites to replicate sampling. In 
the present study, there is an uncut site that also serves as the control. Strictly 
speaking, the clearfelled sites were not replicated because site B and site C had 
different clearfelling history. Having one site for each treatment in ecological study 
is a typical example of pseudo-replication. This is not ideal though unavoidable. 
Owing to the constraints of manpower and time, the present study lasted for 
two years only. We can only pick out some short-term changes on the environment, 
soil and vegetation as a result of clearfelling. Longer-term study is desirable and 
should yield more interesting and useful results. For instance, the data logger was 
only installed to monitor environmental changes towards the end of this study, 
covering one winter while leaving out the hot wet summer season. 
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Although fence was installed to keep away the feral cattle, it was damaged 
by the animal during the study resulting in substantial loss of seedlings. Browsing 
animals is a threat to ecological restoration and this problem is expected to worsen in 
future because there is no control of the animals. Added to this is the ever-increasing 
population of wild boars. 
9.5 Suggestions for further study 
This study investigated the short-term effect of clearfelling on changes of 
the microclimate, N mineralization, soil properties, and growth of the vegetation. 
Although the findings have largely confirmed clearfelling as a useful tool in exotic 
woodland transformation, many more questions remain unanswered. Specifically, 
what shall be the longer-term effects of clearfelling on these parameters? The results 
obtained will be more comprehensive and useful in informed decision-making about 
the rationale of woodland transformation. 
Hong Kong has a high biodiversity of flora and yet we know very little 
about their seed germination and ecophysiological requirements on different types of 
site. The lack of information precludes their wider use in ecological restoration, 
including the restocking of felled sites. The screening of native species that are 
shade-tolerant or tolerant to different degree of shading is worth pursuing. More 
research is needed to compare the pros and cons between partial and complete 
clearfelling. At the same time, we need to know the specific growth environment and 
constraints of a wide range of sites that have a potential for clearfelling. Without this 
kind of information, we cannot provide the best species mix for a particular site. The 
next step is to monitor growth of the restocked species in the felled environment, 
with special emphasis on survival rate, height and basal diameter increment. 
It is necessary to identify priority in the transformation of exotic plantations. 
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To fiilfill this objective, we have to carry out inventory study on existing exotic 
plantations with special emphasis on overstorey health, understorey composition and 
soil characteristics. With this information, informed decision-making can be made in 
the allocation of resources for woodland transformation. 
Microorganisms play an important role in ecosystem productivity by 
affecting nutrient turnover through the processes of mineralization and 
immobilization. How will these processes respond to partial and complete 
clearfelling? Further investigation should be carried out to fill these knowledge gaps. 
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Critical level of soil properties 
Ratings 
Soil properties High Medium Low 
pH 7.0-8.5 5.5-7.0 <5.5 
Organic matter (%) >17.00 7.00-12.00 <7.00 
TKN (%) >0.50 0.20-0.50 <0.20 
Exchangeable K (cmol kg'^) >0.60 / <0.20 
Exchangeable Na (cmol kg-1) >1.00 / / 
Exchangeable Ca (cmol kg'^) >10.00 / <4.00 
Exchangeable Mg (cmol kg]) |>4.Q0 |/ <0.50 
Rating according to Landon (1991) 
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Appendix 5 
Rainfall (mm) recorded in Tai Mo Shan automatic weather station in 2004 and 2005 
Rainfall in 2004 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
56.5 51 122.5 103 186 174 434.5 490.5 92 1.5 5 1.5 
Total rainfall: 1718mm 
Rainfall in 2005 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
12.5 20.5 5 I 0.5 [205.5 |lQ58.5 405.5 1028 354 22.5 9.5 8 
Total rainfall: 3130.5mm 




















































































































































































































































































































































































































Summary of experimental desiffl 
Parameters Treatment Native species selected Sample number Study period 




Light intensity -100%+0 -Machilus breviflora 5-6 samples for July 2004 to 
-100%, -100%+1 -Machilus each treatment May 2005 
-45% -100%+3 chekiangensis 
-22.5% -45%+0 -Machilus pauhoi 
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